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PREFACE

This study, Complex Syllable Nuclei in Vietnamese, is

the sixth publication in the series Studies in the Phonology of

Asian Languages. It is a result of a research project sponsored

by the Office of Naval Research, whose financial support of the

project is gratefully acknowledged. This volume serves as a

technical report for the contract NR 049-183, Nonr 228(28).

The first volume of the series, Acoustic Phonetics of

Korean, Technical Report No. I, was devoted to the acoustic-

phonetic study of Korean vowels. The second volume was Dura-

tion of Korean Vowels; the third, Acoustic Characteristics of

Korean Stop Consonants; the fourth, Vietnamese Vowels; and the

fifth, Acoustic Features in the Manner-Differentiation of Korean

Stop Consonants. The present volume, VI,is devoted to the study

of complex syllable nuclei in Vietnamese. Studies on other pho-

nological features of Korean, Vietnamese, and other Asian lan-

guages are in progress and the results will be reported in the

near future.

Much of the experimental work of this study was carried

out by Michael Earle, while the editorial work was done by Haruo

Furukawa and Sylvia Buck.

Mieko S. Han

Los Angeles, California

January 1968
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Chapter 1

PROBLEMS IN THE ANALYSIS OF
VIETNAMESE COMPLEX SYLLABLE NUCLEI

In volume IV of this series, Studies in the Phonology

of Asian Lan,7uages: Vietnamese Vowel., the eleven simple vowel

phonemes of the Hanoi dialect of Vietnamese were studied and

described. Formant 1 and Formant 2 of the eleven vowels were

measured and analysed; the domains of the vowel phonemes

relative to one another were studied; tonal and consonantal

influences on vowel quality were noted; and a study on the

inherent duration of each of the eleven vowels was Parried out.

The eleven simple vowels occur as syllable nuclei car-

rying one of the six phonemically distinct tones. In addition

to these simple vowels, there are certain other sequences

which also occur as syllable nuclei. Such sequences are

found in the following examples.

1) The sequences spelled:

yt- as in nytm" (to salt or pickle)

- it- as in "tiAn" (immortal)

- ia as in "tia" (jet; ray)

These three sequences all seem to have similar phonetic

qualities in that they all sound like a high front unrounded

vowel [i] which changes to a mid front vowel slightly more
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centralized than [e]. This sequence is tentatively tran-

scribed [13].

2) The sequences spelled:

as in "tecing" (bean sauce)

- uh as in "tuh" (preface)

These two sequences both sound like a high central un-

rounded vowel [w] which moves to a mid central unrounded vowel.

Our tentative phonetic symbolization for this sequence is [tug].

3) The sequences spelled:

- u8- as in "tuon" (to throng)

- ua as in "tua" (fringe)

These two sequences both sound like a high back rounded

vowel (u] which moves to a miA back vowel slightly more central-

ized than [0]. Our phonetic symbolization for this sequence

is [U0].

The first segments of each of these sequences [13],

[w;], and (U0] have been analysed as /i/ /w/ and /u/ by most

analysts who have worked on Vietnamese phonology, but the

second segments have caused disagreement. Auditory impressions

of [3], [;], and [0] vary depending on the hearer's own speech

background. The American English speaker tends to hear all

three as something like schwa [a], while speakers of other

language backgrounds may hear something else.

These three complex syllable nuclei are heard as being

distinctly different from the combination of a vowel plus a

semivowel. The stress on the second element of the sequences,
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[13], [13], and (UAL is heard as being at least equal to the

stress on the first element. This suggests the presence of

two target vowel qualities rather than a vowel plus a semivowel.

With regard to articulatory characteristics, all three

sequences have tongue movement from higher to lower position.

It is observed that the second segment of [ 13] is pronounced

with the lips noticeably less spread than they are for [e].

The second segment of [UO] has much less lip rounding than 1o).

The several analysts who have worked on Vietnamese

phonology disagree in the analysis of these three complex syl-

lable nuclei. The analyses of Nguyen Dinh Hot, Le-Vttn-Li.,

Murray B. Emeneau, and Laurence C. Thompson concerning the

complex syllable nuclei in Vietnamese are summarized in the

following paragraphs. It will be noted that their interpre-

tations vary considerably. Only those portions of their works

which deal explicitly with the phonemic analysis of the problem

are presented here. One liberty which has been taken in

presenting their analyses is the modification of their phonemic

notation to make it conform to that used in this work. This

was done to facilitate the understanding of the points of dif-

ference between these analysts and to enable one to compare

their analyses.

Hoal analyses the above mentioned complex nuclei as

"vowel clusters" that are composed of /i/, /w/, /u/ plus the

'Nguyen -Binh HoA, Speak Vietnamese (Rev. ed. ; Rutland
& Tokyo: Charles E. Tuttle Co.: Publishers, 1966).
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phoneme /A/. Therefore,

"tien" is analysed as Aim)/

"tteohn is analysed as /twnn/

"tutu" is analysed as ituAn/

According to Hoa's analysis, the second segment of each of the

three complex nuclei is regarded as being the same phoneme [A]

in all three cases.

Emeneau's analysisl is similar to that of Hoa's.

Emeneau describes the clusters in question as involving move-

ment from the higher vowels /i, w, u/ to /A/. He interprets

the clusters phonetically as [in]2, [wA], and [uA] and phone-

mically as /in /, /wA/, and /uA/, respectively.

On the other hand, Le-Vrin-LO analyses the sequences as

[ie], [we], and [uo] and stresses the hmonophonematic" char-

acter of the sequences, saying that the two constituent

elements (1) and [e], [w] and [a], and [u] and [o] are indis-

sociable, thus proving that they are single phonemes. This

makes the total inventory of Vietnamese vowels as follows:

1Murray B. Emeneau, 'Studies in Vietnamese (Annamese)
Grammar," University of California Publications in Linguistics,
VIII (1951), 102f.

2(0 = unstressed [A]

3Le-Vlin-Li, Le Parlor Vietnamien (2nd ed.; Saigon:
B8 Qu6e-OiEt GiEto-Duc, 1960).
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/1/ /w/ /u/1

/ie/ /we/ /uo/

/e/ /0/ /o/

/e/ /n/ /0/

/A/ /a/

Laurence C. Thompson2 views a "vowel cluster" as that

which contains two dissimilar vowels in sequence, neither of

which is enough less prominent than the other to qualify as a

semivowel. In Thompson's analysis the sequences spelled

"-ia,"° " -us.," "-ua" in final position are /i, w, u/ followed

ty /A/, while the sequences spelled "-it-," "-dd-," "-u8 -" in

medial postion are /1/ + /e/, /w/ + /8/, and /u/ + /o/, respec-

tively.

The main point of disagreement in the various analyses

seems to spring from the varying interpretations of the pho-

netic quality of the second segment in question. The first

question is, then, are the sequences [13], [la], [U0] three

separate phonetic movements from three high vowels to three

mid vowels as diagramei below,

I - U

1Note that this table is from Van -Li, Le Parler
Vietnamien, pp. 43-44, but the symbols have been changed to
follow those used in this study.

2Laurence C. Thompson, A Vietnamese Grammar (Seattle:
University of Washington Press, 1965), pp. 30ff.
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or are the three segments tentatively described as [3], [I],

[0] phonetically similar enough to be interpreted as one mid

central vowel [0], as the following diagram shows?

I e/

Also, are the differences between the sequences spelled -ia,

-ea, and -ua in open syllables and those spelled -i4-,

and -u8- in closed syllables so great that they should be con-

sidered as two different syllable nuclei, ')1. is the difference

a conditioned one?

In orde_. to arrive at a satisfactory phonetic and pho-

nemic interpretation of these complex nuclei, techniques of

acoustic-phonetic analysis with the aid of the sound spectro-

graph were applied. In thili way the impressions based on

hearing were re-examined and re-evaluated. Data obtained by

the spectrograph offer objective facts concerning speech

sounds, while human interpretation of these sounds is often

subjective, being influenced by the speaker's language back-

ground.

The major part of investigation of this study will be

concerned with determining the target qualities of the com-

plex nuclei segments, i.e., whether or not the second seg-

ments of these nuclei are actually all one vowel or three dif-

ferent vowels, and what are the conditioned variants, if any.

After a careful examination a phonemic interpretation of

the complex nuclei will be proposed.
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Chapter 2

MATERIALS AND TECHNIQUE

This chapter describes briefly the materials and tech-

nique used in the analysis, the results of which will be de-

scribed in subsequent chapters.

Informants

The four informants who supplied data for analysis are

the same as those who assisted in our previous study of Viet-

namese Vowels, Vol. IV of this series. Biographical sketches of

these informants are briefly presented here.

Informant 1 Nguyin Huu Quimg--male, age 30, was born in

Haiphong and lived 18 years in Hanoi. He moved to South Viet

Nam in 1954 and there attended the University of Saigon. From

1962 through 1965, he resided, as a student, in the United

States. His native language is the Hanoi dialect of Vietnamese

and he is also fluent in French and English. QUANG believes

that his residence in the Saigon dialect ar "a has not affected

his speech, as his language habits were already well estab-

lished by the time he moved to South Viet Nam.

Informant 2 Pham Gia HuTECn--male, arse 21 , was born in the

the vicinity of Hanoi. His family moved to Paris, France, at
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the time he entered primary school. Though his formal educa-

tion was conducted in French, Vietnamese was used at home and

with friends. His parents were born in Hanoi and lived there

until they moved to Paris. He returned to Saigon for his

secondary school education and resided there for seven years

before coming to the United States in 1962. HUAN speaks both

the Hanoi and Saigon dialects but distinguishes the two. Ac-

cording to another native speaker of the Hanoi dialect, the

Saigon dialect has not affected HUAN's original Hanoi dialect.

Informant 3 Pham Thl. -Anh Tuy4t--female, age 22, sister

of HUAN, was born in the vicinity of Hanoi. She had one year

of school there before going to Paris with her family. French

was used in her formal education, and Vietnamese was used at

home. Her secondary education was received at a French school

in Saigon where she lived for several years before coming to

the United States in 1962. In addition to the Hanoi dialect,

she speaks the Saigon dialect, French, and English; but,she

feels that her Hanoi dialect is not affected by these other

languages.

Informant 4 Pham Van a8ng--male, a3e 22 , is not related

to HUAN and TUYET. His parents came from North Viet Nam, and

the Hanoi dialect was always used in his home. For business

reasons his family moved frequently around Northern and Central

Viet Nam. DONG was born in Da Nang but moved early in his life

to the North. His elementary and high school education was

received in either Vietnamese or French, according to the
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school attended. DONG attended the University. of Saigon for

one year and came to the United States in 1962. Because of

his frequent changes of residence, DONG i, familiar with the

Hug and Saigon dialects of Vietnamese, in addition to the Hanoi

dialect; but,he regards the latter as his native dialect and

feels that he clearly distinguishes the three. He is also

fluent in French and English.

Tape Recordings

The prepared scripts were recorded by the informants in

a sound proof booth using an AKG C-60 condenser microphone with

a pre-amplifier and an Ampex PR-10 single-track tape recorder.

Speech was recorded on Scotch or Ampex magnetic tape at a

speed of 7.5 inches per second.

Since the informants were experienced in making tape

recordings, they were relaxed and relatively at ease in front

of the microphone. They were asked to use their normal speech

t ,Ipo and to pronounce the words as they used them in their

;eryday speech. As the informants had assisted in drafting

he recording scripts, the material was in their nwn handwrit-

. R and they had a certain degree of familiarity with the con-

tent of each script. This familiarity enabled them to read

smoothly and without hesitations, lapses, or errors: As a

part of each recording session, the informants listened to the

tapes that they had recorded, checking the script as they

listened. This ensured that each utterance recorded passed
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the test of Acceptability to the native speaker.

The Spectrograph and Spectrograms

An Ampex PR-10 single-track tape recorder was used to

reproduce the recorded speech which was channeled directly

into a modified model 651A Sound Spectrograph (Kay Sona-graph).

The sound spectrograph is a device which can analyse a

sound segment of up to 2.4 seconds in duration. The sound

segment is recorded on a disc inside the machine which repeats

it constantly while a band-pass filter scans it, moving up the

frequency scale from zero to 8000 cycles per second.

The signal from the scanning filter is transmitted to a

stylus which is in contact with specially sensitized paper at-

tached to a revolving drum. The resulting artifact is called

a sound spectrogram and is a permanent record of the recorded

speech segment. The spectrogram shows frequency in the verti-

cal dimension, duration in the horizontal dimension, and gives

a rough indication of intensity by the relative darkness of

various portions of the spectrogram.

The spectrogram can be made with the band-pass filter

set at either 45 or 300 cycles per second which produces nar-

row-band and wide-band spectrograms, respectively. It is also

possible on this machine to record the portion from 0 to 4000

cps twice, one above the other, once with narrow-band and once

with wide-band. As the essential features of vowels are re-

alized in this frequency range and as each band-width has
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certain advantages, composite spectrograms were most frequently

used in this study.

Formants and Formant Measurement

Vowels are characterized by their relatively great re-

sonance compared to consonants. This resonance is strengthened

in various areas according to the configurations of the articu-

latory organs characteristic of each speech sound. These areas

of strengthened resonance are called FORMANTS. Each vowel has

a characteristic formant pattern, and it has been demonstrated

experimentally that the first two formants carry most of the

information atout the qualities of vowels. In this study,meas-

urements of the first two formants are studied in detail.

While it is easier to identify formants on a wide-band

spectrogram, it is possible to be more accurate in the measure-

ment of narrow-band spectrograms. This is the chief benefit of

the composite spectrogram.

The procedure for measurement is to measure from the zero

line, which is a part of every spectrogram, to the exact center

of the formant. On a good narrow-band spectrogram, it is pos-

sible to measure reliably to within 325 cps. In almost all

cases, it is possible to measure to within 350 cps.

The steady state of a vowel is defined as that portion of

the vowel in which the formants are parallel to the zero line.

When there is a steady state of a vowel present, measurements

are made at that point in time. Movements of formants
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associated with initial and final consonants are called

TRANSITIONS. Typically, there is a transition from an initial

consonant to the steady state of the vowel and a transition

from the steady state of the vowel to the final consonant. In

some cases there is no steady state of the vowel since the

transition from the initial consonant through the vowel to the

.final consonant is continuous. In this case the mid-point of

the vowel is arbitrarily selected as the point of measurement

on the assumption that, at this point, the effect of the ini-

tial and final transitions cancel each other out.

Amplitude

The Kay Sone-graph comes with an attachment for measuring

and recording on a spectrogram the.amplitude contour of a given

utterance of up to 2.;, seconds in duration. This contour ap-

pears in reference to a base line on the upper portion of the

spectrogram. However, there are many factors affecting the

amplitude display and care must be taken to avoid invalid com-

parisons between two amplitude contours.

For our purposes, the amplitude display was referred to

only as an aid in distinguishing the most prominent segment of

the syllable and in comparing the relative amplitudes of dif-

ferent portions of a single syllable.



CHAPTER 3

TARGET QUALITIES OF COMPLEX NUCLEI

To provide a basis for the analysis of the complex nuclei

[13], [WI], and [U0], the eleven simple vowels of each inform-

ant were re-examined. Our previou3 study revealed that vowel

formant measurements are influenced considerably by neighboring

consonants and the accompanying tone. We, therefore, obtained

measurements of the eleven simple vowels in a fixed environment

which could serve as the basis for comparison with the complex

nuclei. Any two phonemically identical sounds may differ pho-

net:tcally even in the same environment; but, if the environment

is specifically limited, similar phones will recur within a

small domain definable by a boundary. In the analysis that

follows, the relative domains of the eleven simple vowels and

also the relative domains of the vowel target qualities of the

complex nuclei were obtained. These were then compared with

each other to determine the phonetic qualities of the complex

nuclei in question.

The eleven simple vowels and three complex nuclei were

recorded in the environment /t - n/ with level tone /-/ by the

informants. This phonetic environment was selected for several

reasons. First, /n/ and /t/ are the only consonants which can
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occur after every vowel; and, /n/ was prefeed to /t/ because

/t/ occurs only with rising tone / "/ aid drop tone /-, /, while

/n/ occurs with all six tones. The initial consonant /t/ was

then selected because most of the /t - n/ syllables form real

words in the Vietnamese language. These syllables were there-

fore familiar to the informants and could be spoken without

hesitation.

The frame sentence say the word ( ) ; ( ) , ( ) , ( ) ."

was used, the rest word being uttered four times; e.g., /toy
_

Lok cw tan; tan, tan, tan./ Narrow-band spectrograms were

made of five recordings, renultinc in 20 sets of Formant 1 and

Formant 2 measurements for each vowel. These measurements were

then plotted on a formant chart to establish the domain of

each of the simple vowel phonemes. The same procedure was

followed in making spectrograms, measurements, and charts for

the complex syllable nuclei. Then the charts of the complex

nuclei were compared to the charts of the simple vowels.

Because Informants 1 and 2 left us before the experiments

had been completed, only a limited number of their recordings

and spectrograms were available. Informants 3 and 4 furnished

most of the data used in this analysis.

Table 1 shows the formant measurements of the eleven

simple vowels of Informant 4 in the environment /t - n/ with

level tone.

Figure 1 is the corresponding representation on the

formant chart of the Fl and F2 measurements presented in Table 1.
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The domain of each vowel is represented by twenty occurrences

of that vowel in the environment indicated. The formant chart

used in this study is the same as that used in our previous

study, Vol. 11/ of this series. The reason for the choice of

this formant chart was explained on pp. 69-72 of Vol. IV.

Table 2 represents the Fl and F2 measurements of the

eleven vowels of Informant 3 in the environment /t - n/ with

level tone. As is known to most workers in acoustic phonetics,

it is quite difficult to obtain accurate formant measurements

of a female voice since a soprano or alto voice has wide formant

bands and widely spaced harmonics which make it difficult to

identify the exact frequency value of the formants. To over-

come these difficulties and to reduce marginal errors, a large

amount of data was utilized and extra care was taken in

measuring.

Figure 2 represents the domains on the formant chart of

the eleven vowels in he environment It - n/ with level tone

spoken by Informant 3

As can be seen in Figure 2, the domains of Informant 3's

vowels cover a much greater area than do those of Informant 4.

Given the above-menti4A.-_id characteristics of the female voice,

this is to be expected. However, in order to show that these

domains are truly representative, we prepared additional

material to show the effect of the six tones on the formant

measurements of vowels in isolation and, also, material to

show the effect of initial consonants on vowel formants.
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TABLE 1

Formant measurements or simple vowels in the environment /t - n/: Informant 4 cycles/second

'towel [1] t,tn tone [-]

1 2
.:12U rl re F3 11 Fe F5

tin 300 250 3100 500 2300 3050

300 2400 3200 300 2350 3150

300 4400 3100 300 2300 3200

303 2450 3150 325 2350 2950

300 2350 5030 300 2350 3000

towel [C] witn tone [-]

1 2
lora rl 2e i3 11 72 F3

tin 700 2000 2900 700 1900 2000

750 2000 2o50 700 2050 2950

700 1900 2650 750 1950 2850

700 2000 2600 700 2000 2800

750 2100 2850 750 1990 2800

Vowel CA] with tone C-]

1 2
Word 21 22 1.3 1'1 2e 13

trn 625 1400 225 1500

250 1400 850 1400

850 1500 850 1450

850 1500 900 1400

900 1500 850 1550

Vowel [2] with tone [-]

1 2
Word F1 Fe F3 Il F2 13

tan 650 1400 600 1400

600 1400 600 1350

650 1400 625 1400

600 1400 600 1400

600 1400 600 1400

Vowel [n] with tone 1 -]

Word 1 F2 73 71-172-73-

t5n 700 1000 700 950

700 1050 700 1100

700 1050 700 1100

700 1100 700 1000

750 1050 750 1050

Vowel [e] with tone [-]

3 4 1 2
I 71 Ft 13 71 . Fe k3 Word 71-72-73 77 Ft F3 11 ie

3
ta_. tr 2e r,

300 :500.3100 300 2250 3000 t;(1 600 2100 2850 550 2050 3000 550 2000 600 2000

300 2250 51.10. 300 2350 3100 550 2100 2850 550 20*0 2900 550 2100 2800 600 e70x0 2:;00

325 7350 3000 300 2250 3000 650 2100 2800 625 2100 2850 650 2100 2800 650 2000 2850

350 2300 3050 325 2300 3000 600 2100 2850 600 2100 2800 600 2100 600 2000 2600

300 2350 3050 300 2250 3000 650 2150 2900 650 2100 3000 650 2100 2950 650 2050 2600

Vowel [a] with tone [-]

4 1 2 4
Fl 2 13 71 12 15 Word 11 12 F3 11 ke F3 71 12 Fp r2-_

900 1550

r3

700 1900 2850 700 2000 2900 an 900 1500 900 1450. 900 1400

700 2000 2950 750 1900 2800 900 1550 900 1500 900 1450 900 1450

900 1500700 2100 2850 700 1950 2800 900 1450900 1500 900 1550

700 2000 2800 700 2000 2600 900 1550 900 1500 900 1450 900 1500

900 1550 900 1500 900 1500750 2000 2850 750 1953 2800 900 1500

Vowel [A] with tone [-]

4 1 2 4
11 13 F3 11 re F3 Word 1.1 Fe 1.3 71 Fe r3 71 k! 1.3 Fl re r3
825 1500 850 1500 till 750 1500 775 1400 750 1350 750 1400

650 1450 850 1450 700 1500 700 1450 700 1450 700 1400

rr850 1400 850 1400 750 1400 750 1350 750 1350 750 1550

900 1500 900 1500 750 1400 750 1350 750 1350 752 1400

900 1450 900 1450 750 1500 750 1450 750 1400 750 1350

21 P

625 1300

600 1250

600 1400

600 1400

600 1400

73 11 rd

600 1350

575 1350

650 1450

600 1350

600 1400

).1 F2 Y5

700 950 700 1000

700 1050 700 1000

700.1050 700 1000

700 1050 700 1050

750 1050 750 1050

Vowel [w] with tone C -]

2 4 .

Word 11 F2 F3 11 22 13 11 F3 F3 1 Fe PI-

.tin 500 1400 2800 500 1450 2600 475 1400 2800 500 1350 2850

550 1500 2800 550 1400 550 1450 550 1450 2900

550 1450 2900 550 1450 2900' 550 1450 2850 550 1450 2900

525 1400 2900' 525 1450 2850 550 1400 2750 550 1450 2900

550 1400 2900 550 1400 2800 550 1350 2950 550 1350 2850

Vowel [o] with tone

1 2 4
23 71--173---73 1 Ft 13Word 71 F2 F3 71 F2

tan 55o 1100 500 1000 58 00 1100 550 1100

500 1000 500 1050 550 1000 550 1000

600 1050 600 1050 600.1050 600 1050

600 1050 600 1050 600 1030 575 1050.

550 900 550 950 550 1000 550 1000

[ -]

Vowel Ltd with tone [-]

Word 71 F2 F3 71 F2 73
71_-_7;-_- 4

73

tun 300 800 300

300 800 325,

300 800 300

600 300 800 300 800

800 32.5 800 350. 800

800 300 800 300 600

300 ado 300 800 300 850 300 850

300 800 300 800, 300 800 325 650

Blank spates indicate where precise measurements were not obtainable.--
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TABLE 2

Formant measurements of simple voeelsin the environment It - n/: Informant 3 cycles /second

Vowel 11) with tone C -] Vowel [e] with tune C-]

2 4 1 2 4Athurd 21 rd FP FT`"-12--r-r 71 F3 71-- F2 13 Nord 71 12 El_ Fl F2 21 23 Ti 22 2,

Cin 403 2050 400 2850 400 2750 400 2800 tin 550 2500 3050 550 2550 550 2450 550 2450 3000

430 2650 400 2700 400 2700 400 2700 525 2450 500 2550 500 2500 500 2550

400 2700 400 2700 400:750 400 2750 525 2450 500 2550 525 2450 500 2350

400 2750 400 2700 400 2650 400 2750 550 2450 550 2400 550 2400 600 2400

400 2800 400 2750 400 2700 400 2700 550 2400 525 2400 500 2350 550 2 "00

Vowel Cr.) with tone E-1 Vowel En] with tone 1 -]

1 2 4 1 2
V:ard 1 Fe 23 il 22 23 21 13 TI le r3 Word Fl F2 23 Y1 22 13 21 i! 21 22 23

till 800 2300 3200 75o 2350 3100 775 2350 3150 800 2350 3150 tin 950 1650 950 1600 1050 1600 900 1650

750 2350.3100 800 2350 3150 800 2450 3200 80023005150 1000 1650 950 1600 1000 1650. 900 1550

800 2400 800 2400 3150 800 2350 3150 800 2350 1000 1700 1000 1700 900 1700 900 1700

750 2350 3100 750 2400 750 2350 750 2400 950 1600 1000 1650 950 1700 900 1600

750 2300 750 2350 775 2350 800 2350 950 1650 950 1650 900 1600 900 1600

Vowel CA) with tone C -) Vowel [A] with tone C -]

2 4
Cord rl re Fl 12 15 Fl ke .1 "F2 23 Cord 21 22 13 Fl 12 F3 11 Fe g5 PI- 22 F3

tAn 850 1750 850 1700 853 1700 800 1650 tIn. 850 1450 800 1600 800 1600 800 1500

825 1650 850 1750 900 1750 800 1600 800 1650 750 1500 800 1600 800 1550

900 1850 900 1850 900 1550 800 1550 800 1650 800 1600 7501550 800 1500

800 1650 800 1650 800 1600 850 1750 800 1650 750 1550 750 1550 75o 1600

025 1650 800 1850 BOO 1650 800 1650 800 1650 750'1550 750 1550 '800 1600

Vowel Ca) with tone E-1 Vowel Cm) with tone EA'

1 2 A 4 1 2 4Word 11 22 Pi 717 F2 F3 21 13 21 Fd 13 Word T1 F2 F3 7172-75- 1'1 A F3 71 F2 F3

tin 700 1350 700 1350 650 1350 650 1350 an 450 1450 550 1250 550 1250 550 1300
650 1350 650 1350 650 1350 .650 1350 550 1350 400 1250 400 1250 550 1350
700 1350 650 4350 650 1350. 650 1350 550 1400 550 1400 550 1400 525 1350

650 1350. 650 1350 650 1300 650 1300 400 1450 500 1350 400 1200 550 1200
600 1350 650 1350 650 1350 650 1350 500 1400. 55o 1350 550 1350 525 1300

Vowel Co) with tone 1 -] Vowel Co] with tone 1-)

1 2 4 2Word 11 12 23 1 F2 23 T1 23 71 F2 F3 Word 71- F2 F3 71 F2-P Fi F3 1 Fd F3

tin 800 1050 750 1000 800 1050 750 1025 tin 550 1100. 500 1000 525 1000 500 1000
750 1050 800 1050 750 1025 8.1 105D 500 1050 525' 1050 500 1050 500.1000-

800. 1050 750 1000 750 1000 750 1050 550 1050 600 1050 600 1000 600 1050_ ,

825 1100 BOO 1050 750 1050 800 1050 525 1050 525 1100 650 1050. 525 1050
800 1050 750 1025 750 1025 750 1000 500 1050 650 1050 600 1000. '600 1050

Vowel Cu] with tone C -]

1 2 4

Word Fl F2 13 1 F2 23 Tr-
400.850 40o.825 400 Boo.'

-

400 800

350.850 .350 850 355o- 400 Boti

.400 Boo 460.825 400.800 400 Boo' -.Mane sprees indicate where precise seisurement were not obtainable.
350.800 400890 350 750 - 400 850..

350, 850' :-400-Boo 400'800 400' 800
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Informant 3 had previously made recordings of vowels in

isolation with each of the six tones of Vietnamese. Although

not all such isolated vowels are meaningful, this sort of

exercise is quite common for students of Vietnamese. Since

Informant 3 had often demonstrated these vowels and tones as a

teacher of Vietnamese, she showed no hesitation in producing

them for our study. Spectrograms were made from these record-

ings, and the Fl and F2 measurements were compiled.

Table 3 presents the Fl and F2 measurements of the vowels

in isolation with each of the six tones. Figure 3 is the cor-

responding graphic representation of these Fl and F2 measure-

ments on the formant chart.

In order to estimate the range ot' variation which might

be associated with different initial consonants, Informant 3

was asked to record each vowel in various syllables composed

of one initial consonant and the vowel with level tone. These

syllables were recorded as a list of eighteen items in a fixed

order, each stressed equally, e.g., /tr., thr., or, kr ..../

Table 4 represents the Fl and F2 measurements obtained from

these recordings, and Figure 4 is the corresponding formant

chart.

It must be noted that the two vowels /A/ and /a/ occur

only in closed syllables and so could not be included in this

experiment. Figures 3 and 4 therefore present data for only

9 o7 the 11 simple vowels of Vietnamese.
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TABLE 3

FOrmant measurements of simple vowels in isolation: Informant 3 cycles /second

Vowel [1] with all tones

1 2
w Fl F2 Fj 71 12 13 kl Fd
i 300 2950 500-2750 3000

300 2900 400 2850

i 275 d950 275 2950

400 2800 400 2900

1 350 2650 400 2750

350 2900 350 2950
7 400 2950 450 3000

45o 2800 400 2650

500 3100

275 2900

400 3050'

400 2650

35o 3000

400 3050

400 2800

300 2800

Vowel [e] with all tones

1 2 4
Word tel 12 F3 11 72 75 71 Fi 75 II F2 23

ei . 550 2600 550 2750 550 2700

Ti 550 2850 550 2700 550 2750

600 2650 600 2650
..

600 2650

: 650 2450 650 2600 600 2650

650 2550 550 2450 650 2550

700 "2600 700 2550 700 2650

E 700 2550 650 2600 600 2550

[m] with all tones

1 2 413 Word 111 F2 73 II F2 73 II F; 73 21 F2 73

4 . 600 1250 600 1250 600 1250

8 550 1200 400 1150 400 1i50

ei 450 1200 450 1200 450 1200

4 525 1350 525 1350 525 1200

1 400 1250 500 1300 500 1350

6 450 1100 500 1150 500 1200

7 475 1450 450 1350 450 1350

.E 550 1350' 600 1450. 600 1400

Vowel [o] with all tones .

F3
1 2 4lord Fl 72 1,3 71---1M---75 11 F; -113 71 -72 73

o 600 1000 600.1000 .550 1150 --..',.

650 1100 600
.-1000 600 1000.

6 550 950 ' . 550 900 . 600 850

5 , 650 1100 . 650 1150 650 1100

8 700 1000. 650 1000. 650 950

6 650 1050, 650 1150 525 1050.

6 650,1050 ..550.3.000 500 1000

6 650 1050 600 1000 500 1000

6 5001050- 500 1000
. . 500 1000

F3 6 -: 500 1050 . 500,1000 500.1000

; 550 1050 600 3.000 525.1050

Vowel [u] with all tones

1

lord 7117 72 13- 717"--Ir 74160

Y2
.6 4001.050 400 1050 17035073

IF' 400850 400 803 350 750

K 350 950' 350 900 50.

6 45C 900 450 950- 450 900

6 450 850 400 853 400 80073

3 300 .90o 30o 900 300 950

3 400 1000 1100 400 1000

3 400 low ::: 400 650

450 --900 450 900 450 900

300 900 300 900 300 850

3 300 1000 300 300 850

171 400 1150 :::: 450 1150

3 300 1000' 500 850 300 -850 .

Vowel [r] with all tones Vowel

1 2 4
12 13 ri Ye 13 71 1.' 13 Fl 12Nord rl

F 900 2700 900 2700 900 2650

s
_ 850 2650 850 2550 850 2550

C. 850 2600 850 2650 850 2550

i 650 250o 750 2650 750 2600

900 2450 850 2500 850 2500

e50 2400 900 2500 850 2450

850 2500 850 2450. 850 2550

-C 850 2500 800 2400 800 2450

Vowel [A] with all tones

1 2 4
. %ore Fl i2 rp 11 re Fp 21 Yi 73 PI F2

7 85o 1450 850 1450 900 1450

850 1600 850 1700 800 1650

2- 1150 1ioo 1150 1600 1000 1400

950 1550 950 1550 9002600

1000 1600 1000 1450 1050 1600

1050 1650 1050 1600 1050 1550

7. 1000 1550 950 1550 -950-1500

73, 900 150o 95o 1500 950 1500'

Vowel [ a] with all tones

Word
1 2 4

71 FO 2' 21 2 3 Fl F2

750 1300 750 1.250 650 3250

750 135o 750 1300 750 1300

750 1200 750 1250 700 1300

850 1300 800 1250 800 1200

850 1250 650 1253 850 1200

850 1350 250 1350 850 1400

850 1303 900 1400 903 1400

Vowti [s] it:. all tones

1 2
Worl Yr F2 13 31 72 1,

5, .950 1150 '950 1263

9,*1300 0 1250

E. 900 1100 9001100

5 850 1100 900 1150

3 o50 1250 900 1200

5 850 1150 550 1150 850 1100

5 930 1200 850 1200

5 550 1100 850 1100

50 1100 550 1250 600 1100

B 750 1000 75o 1003

5 500 1050 ',. 800 1053

5 830 1100
, 800 1053

300 1050 800'1050

5 .750 loo 600.1050

soo 1050' , W -
S :050

750 1050 750 :000

3
Fi 3 11

4

953 1150,

WO 1250

850 1150

900 1150

900 1200

3

5 800'1100

850 1150

850 1100

850 1100

750 1000

830 1050

550 1100

500. 1050

300 1050

500 1350

750 1000

-21-
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TABLE 4

Formant measurements of simple vowels in open syllables: Informant 3 cycles /second

Vomel [A) with tone [ -] Vowel (o1 with tone [-] Vowel [e] with tone [ -1

Word Fl F2 11,11 Fl F2 Word F) F2
tT 300 2800 to 525 1350 a 550 2450
thi 275 2600 tbi 550 1350 the. 550 2450
oT 400 2850 a 650 1300 a 525 2450
kT 300 2750 ki 525 1300 kW 550 2600
bT 500 2950 hi 525 1500 hi 525 2600
di 275 2850 di 650 1400 di 500 2600
fT 250 2800 to 600 1350 to 425 2400
vi

e1

250

400

2800

2900

vi

as

600

600

1300

1400
a
ea

5:,

500

2450

2500
if 500 2950 xi' 650 1600 a '-00 2500
xT 250 2750 xi 500 1350 xi 50. 2600
gT 400 2850 gi 600 1500 gi !CO 2500
hi' 400 2950 ma 600 1300 me 500 2400
nT 300 2950 a 650 1450 a 500 2700
IT 350 2800 Pi 600 1500 ni 500 2550
OT 350 2900 n3 600 1500 a 500 2500
hi 275 2850 hi 600 1250 hi 500 2502
IT 350 2750 li 650 1500 17 500 25C)

Vowel (cj with tone [ -] Vowel [o] with tone (-1 Vowel [In] with t,tt ,-]

Word Fl P2 Word Fl 72 Word P1 P2
to 800 2450 ti 800 1050 tra 300 150
tic 750 2350 thi 750 1000 thg 400 145(
c7 750 2300 a 750 1100 67 400 140';
ki 750 2550 ki 800 1050 0 400 14f0a 750 2600 liE 750 1000 bi 400 14)
di 700 2500 di 850 1200 dg 550 1500a 750 2400 a 750 1000 6, 400 1400
Vi 700 2500 vi 750 1000 ,i; 400 1350a 700 2500 a 850 1200 so 550 1500
zi 750 2300 zi 850 1200 zi 550 1650
xi 750 2550 xi 800 1150 i; 400 1400
gi 700 2500 0 80) 1100 g; 400 1500
ma 750 2650 ma 750 950 1177 400 1350
as

rE

700

700

2550

2550

a
pi

75C

750

950

950

L,-,"

cg

400

400

165f,

1600

a 700 2550 ri 750 1000 4; 500 1400
hi 700 2500 hi 800 1150 hi 350 1600
ii 700 2500 fE 850 1200 15 500 1600

Vowel [] with tone [-] Vowel [n] with tone C-] Vowel (o) with tone (-]

Word Fl P2 Word 71 72 Word 1,4 P2
a 750 1750 to 400 85o ti 550 1100
thI 750 1800 to 400 850 th; 525 1050
a 750 1750 ea 400 825 c3 530 1100a 750 1750 ki 400 950 ki 525 950
hi 850 1650 tol 400 850 tli 600 1000
dI 950 1700 di 425 950 a 600 1000
a 850 1500 di 400 850 a 600 1000
g 950 1550 WV 400 825 a 600 1000
a
g

700 1650

1800

ni

iL7,

425

400

800

850 6.1: 5500' 85011:
xi 950 1650 xii 400 900 .13 525 1050
g 950 1800 0 425 800 0 525 1150
ni 800 1650 ni 400 1000 ra 500 1000
a 800 1850 nn 425 850 no 500 1000
a 700 1850 p; 425 800 no 500 1000
ig 700 1850 ni 400 1000 rig 500 1000
a BOO 1650 hi 400 850 hi 500 1100
li 900 1600 li 425 950 10 600 1100
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In looking at Figures 2, 3, and 4, one gets the impres-

sion that the vowel domains in these three figures show some

difference. This is due to the previously mentioned charac-

teristics of .tbe Formant bands of a female voice which make

the identification of the center of formants very difficult.

However, a careful comparison reveals that the relative

positions of the vowel domains in each chart are comparable,

and also that the vowels in the ,ft - n/ environment represented

in Figure 2 seem to represent accurately the relative position

of each vowel to the others. Figure 3 and Figure 4 may be

regarded as extra data supporting 9 of the 11 vowel domains

presented is Figure 2. In any event, tLe relative positions

of /e/, /a/, and /o/ which are of prime importance to this

particular study are defined adequately. Therefore, the

domains of /e/, /8/, and /o/ as presented in Figures 1 and 2

will be used uhen comparing thL, phonetic qualities of

simple vowels with the phonetic qualities of [3], W, and [9]

in the following experiments.

Informant 1 had previously recorded syllables with the

eleven simple vowels in the environment /t - n/ with level

tone for a study of the inherent duration of vowels in Viet-

namese. He left before we could make recordings of the com-

plex nuclei in the same environment. However, from other

recordings prepared; by him, we selected some examples of syl-

lables with complex nuclei in similar environments.

25



The measurements of Informant l's simple vowels in the

environment /t - n/ are reproduced in Table 5, and the graphic

representation on a Formant chart is seen in Figure 5.

Informant 2, also, had not recorded the desired material

foi this study before he left us. However, Informant 2's

formant measurements were published in substantial amount in

our Vol. IV and were useful as references in analysing his

complex nuclei.

Spectrograms No. la - lla show typical spectrograms of

the simple vowels in the environment It - n/ as spoken by

Informant 4. The same vowels spoken by Informant 3, a female

speaker, are shown in Spectrograms No. lb - 11b. Typical

spectrograms of the complex nuclei [I3], [ua], and [UO] as

spoken in the environment [t - n] are shown in Spectrograms

No. 12a - b, 13a - b, and 14a - b, for Informants 4 and 3

respectively.

In the changing formants of the complex nuclei, there

are no obvious points indicated at which the measurements

should be taken. To determine the most reasonable points to

be considered as the target or near target qualities of the

complex nuclei, several steps were taken. Taking the complex

nucleus [13], for example, first, the boundary between the

two segments of the nucleus was identified with extreme care.

Observation of steady states, upper formants, and amplitude

contour, as shown in Spectrogram No. 15, served to identify

the most logical point in time which could be considered as

-26-



TABLE 5

Formant measurements of
simple vowels in the environment It n/: Informant 1 cycles/second

Word
1 2 3 4

Fl F2 Fl F2 Fl F2 F1 F2

tin 350 2250 350 2250 350 2250

ten 525 1900 500 1900 525 1950

ten 600 1900 600 1900 600 1950

tan 800 1400 800 1400 800 1400

tAn 1000 1350 1000 1350 1000 1400

.an 650 1400 650 1400 650 1400

tan 575 1200 575 1200 550 1200

tmn 375 1300 375 1300 375 1300

ten 600 1050 650 1100 625 1100

ton 525 1050 550 1000 525 1000

tun 350 850 350 850 350 850

Blank spaces indicate where precise measurements were not obtainable.
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Simple vowels in the environment /t - n/
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SPECTROGRAM NO. la
Informant 4

SPECTROGRAM NO. 2
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SPECTROGRAM NO. 3a Informant 1.

SPECTROGRAM NO. 4a
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SPECTROGRAM NO. 5a
Informant 4
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SPECTROGRAM NO. 7a

SPECTROGRAM NO. 8a



SPECTROGRAM
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SPECTROGRAM NO. SPECTROGRAM NO. 2b
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SPECTROGRAM NO. 5b SPECTROGRAM NO. 6b

Informant 3
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SPECTROGRAM NO. 9b.

Informant 3
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SPECTROGRAM NO. 12a Informant 4
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SPECTROGRAM NO 111a In formant 4
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SPECTROGRAM NO. 12b
Informant 3
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a boundary between the 2 segments. The mid-way point between

the beginning of the formant and this boundary was then taken

as the target quality of the first segment of the nucleus,

and,the mid-way point between the boundary and the end

of the formant was considered as the target of the second

segment, [3].

Recordings of [I3], lull], and [U0] in the environment

It - n/ were made using the same frame sentence /toy d'k cw

t--n; t-n, t-n, t-n./

Informant 4's speech was examined first because it is

easier to work with the formant measurements of a male voice.

On listening carefully to the initial vowel qualities of the

complex nuclei, it was found that they sound very much like

/i/, /w/, and /u/ respectively. To confirm this auditory

impression with acoustic data, we measured Fl and F2 of [I]

and [3] in the word [tI3n], of [w] and [1] in the word [tuan]

and of [U] and [O] in the word [nen]. These measurements

are presented in Table 6.

Figure 6 is a compo3ite graphic representation of the

domains of the complex nuclei [13], [u;], [UO] and the domains

of the simple vowels. The dots and the solid line circles

represent the measurements of Table 6, while the broken line

circles represent the domains of the simple vowels of the

same speaker as obtained earlier and recorded in Table 1 and

Figure 1.
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TABLE 6

Formant measurements of complex nuclei

113 with tone L-j

to the environment /t h/: Informant 4

:10,Lmeht [u] with tone (-3

1

cycle= /second

2 4

Word 1 F2 F3 71 F2 F3 P1 F_ F3 11 F2 F3 Word 1,2 F3 71 F2 F3 101 F3 F) Fl F2 F3

tan 500 2300 2950

300 2350 2850

300 2300 2850

300 2300 2800

300 2350 2950

sv,7m,,m. (0 with tone [-]

Word r1F7-y5

300

300

300

300

300

2200

2300

2300

2300

2350

2950

3050

3000

3000

3000

350

350

300

300

300

2250

225C

22v0

220

2250

2000

21'00

2250

2900

350

350

350

300

300

2150

2200

2100

2400

2400

2950

2800

2900

2950

3000

trign 300 800

325 750

300 800

350 800

300 800

Segment [4) with tone (-3

1

300

325

350

400

350

800

800

800

850

800

2

300

350

350

350

400

800

750

800

850

800

350

325

400

350

300

750

750

800

800

800

4
Y1 F2 13 1 72 73 Word Pt 72 F3 101 72 73 7J. 7; F3 V1 F2 13

tiTn 600 1950 2800

550 2000 2800

625 2000 2800

600 1950 2750

650 2000 2950

600

550

625

600

650

1950

2050

2000

1950

2000

2850

2850

2850

2750

2800

550

575

600

600

650

1950

1950

1950

2000

2000

2800

2800

2850

2800

2850

550

550

600

600

650

2000

2000

1900

2000

2000

2800

2800

2800

2850

2800

tuen 550 1150

500 1100

550 1100

550 1150

550 1200

550

500

550

550

550

1250

1050

1100

1150

1100

500

500

550

500

550

1100

1100

1200

1100

1150

500

500

550

550

550

1100

1050

1150

1150

1100

r,er7m,w. [w] with tone (-1

1 2
Word 7! F2 F2 P1 P2 F3

twin 450 1450 450 1400

450 1400 450 1450

450 1450 450 1350

400 1350 450 1450

450 1450 500 1500

71-4-777
450 1400

425 1350

450 1350

450 1400

450 1350

11 P2
450 1400

450 1400

500 1400

400 1450.

500 1300

3e;cment [4] with tone (-)

1 2 4

Word 11 12 73 III 72 F3 /1 A Y3 11 72 13

tin 550 1500 550 1450 550 1450 600 1450

600 1400 600 1400 600 1400 600 1400

600 1400 600 1450 600 1400 600 1400

650 1450 625 1450 600 1450 600 1450

650 1450 600 1400 625 1450 650 1453 Blank spaces indicate where precise eanuremente were not obtainable.



FIGURE 6

Complex nuclei compared with simple vowels in the environment /t - n/
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As can be seen in Figure 6, the first segments of the

complex nuclei [13], [ill], and [U0] are phonetically similar

to [i], [w], and [u]. The acoustic data confirms the auditory

impression shared by all analysts that the first segments

of the complex nuclei (I3j, [UA], and [U0] are phonetically

the same as [i], [w], and [u] respectively. They are so

phonetically similr.r, in fact, that -re will hereafter tran-

scribe them as [1.1, [w], and [u] in our data.

In Figure 6, it is clearly observed that the formant

measurements of [3], [;], and (0] form three distinct areas.

The domain of [3] corresponds closely to that of /e/, [;]

corresponds roughly to that of /e/, and the domain of [8) is

closer to that of /0/ than to any other vowel.

Having confirmed that the qualities of [I to 0 are the

same as /i w u/ of the simple vowels, we then focused our at-

tention on the second elements only, in the formant analysis

of the other informants. Using the same procedures,we measured

Fl and F2 of [3], [;], and (e] as spoken by Informant 3.

Table 7 represents Fl and F2 of [3], [I], and [0] in

[ti3n), [twin], and [tuen] as spoken by Informant 3. Figure 7

is the corresponding composite graphic representation of the

domains of the second segment of the complex nuclei and the

domains of the simple vowels. Solid lines circle the domains

of (3], (I), and [e] as presented in Table 7, while broken

lines circle the simple vowel qualities presented in Table 2

and Figure 2.
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In Figure 7 the analysis of [3], [;], and [9] as being

three phonetically different sounds is further supported. In

Informant 3's speech, also, the domain of [3] overlaps with

/e/, [ ;] overlaps with /et, and [9] overlaps with /o/. Since

/e/, /0/, and /o/ are three distinct ph,,Lemes, it is reasonable

to consider [3], [;], and [9] as three different vocalic

qualities of 3 different vowels rather than as a single phoneme,
o

such as /a /, with three allophones. The reason some English

speakers hear all three sounds RS /0/ may be attributed to the

linguistic habit of the native speakers of English to classify

a rather wide range of mid-central vowel sounds as the phoneme

/0/.

Informant 1 had made a few recordings of complex nuclei

before leaving us. In the limited amount of data available,

we found a recording of the words, [tirTn], [tarn], and [tarn]

spoken in our standard frame sentence. Spectrograms and meas-

urements were made as presented in Table 8. Using the same

techniques as those used in the experiments with Informants 4

and 3, the figures were converted into the graphic representa-

tion shown in Figure 8. Although no conclusion can be drawn

from such small statistical data as that of Informant 1, it

also seems to support the analysis of /3/, /;/, and /9/ as

three different sounds rather than one.

Through the acoustic phonetic analysis of the complex

nuclei [I3], [111I], and [0] in the environment /t - n/, we
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TABLE 7

Formant measurements of
second comments conelex nuclei. In the environment

cycles/second

[ with tone [-1

/t - n/: Informant

1 2
Word 1,7 F3 11 F2 F3 T1 1.3 11 P2 F3

trjo 600 1850 600 1900 600 1850 600 1850

625 1850 575 1800 600 1850 600 1900

500 185C 600 1850 600 1800 500 1950

-,3 2000 600 2100 600 1850 600 1950

575 2050 550 2000 600 1950 600 2100

625 1950 650 1950 600 1900 600 1900

t50 1900 600 1900 600 1850 600 1850

500 1900 600 1850 600 1850 503 1850

600 1850 600 1850 600 1850 600 1850

600 2000 600 1900 600 1850 625 1900

egnent Li; with tone [-]

1 2 4
Word T. F' F3 Fl. F2 F3 117 il! F 21 F2 F3

t7n 600 1550 600 1550 600 1550 600 1550

600 1550 600 1,, 600 1550 500 1550

600 1550 600 1550 625 1500 600 1550

600 1,50 550 1500 575 1500 600 1500

600 1'0 575 1500 600 1550 600 1500

625 1!00 650 1600 600 1600 625 1600

625 1600 625 1450 600 1550 600 1550

650 1600 600 1400 625 1550 600 1550

650 1600 600 1600 600 1550 600 1550

550 1500 600 1550 600 1550 600 1550

5,,,,ent [8] with tone EH

1 2 4
Word 71 F2 11 II 72 173 P1 F2 F3

to 600 1250 600 1250 600 1250 600 1250

500 1250 600 1250 600 1250 600 1250

600 1250 600 1250 600 1200 575 1200

600 1350 600 1200 550 1200 600 1200

600 1250 575 1200 575 1300 550 1200

600 1300 600 1300 600 1250 600 1300

625 1300 625 1300 625 1300 600 1300

600 1300 600 1300 600 1300 600 1250

625 1300 600 1250 600 1300 600 1400

575 1250 600 1250 600 1250 600 1250

Blank spaces indicate where precise measurements vere not ob4sinable.
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FIGURE 7

Second element of the complex nuclei compared with simple vowels in

the environment it - n/ Level tone informant 3
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TABLE 8

Second segments of the complex nuclei: Informant 1

1 2 3 4

Word Fl F2 Fl F2 Fl F Fl F2

ti3n 550 1800 550 1800 550 1850

twIm 600 1150 550 1150 550 1150

tuen 600 1050 600 1000 600 1100
Blank spaces indicate where precise measurements were not obtainable.

FIGURE 8

Second element of the complex nuclei compared with simple vowels

Level tone Informant 1
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are led to the following conclusions:

1) The first segments, tentatively transcribed as [I],

[m], and [U] are phonetically similiar enough to [ii,

[w], and [u] to be regarded as the same vowel quali-

ties. The acoustic phonetic data confl.rmF the

auditory impression. The first segments of the com-

plex nuclei are best analysed as /i/, /w/, and /u/

respectively.

2) The second segments of [13], [mI], and [0] in the

environment /t - n/ with level tone cccupy three

distinctive domains on the formant chart. [3] is

more similar to /e/, [;] is more similar to /a/, and

[e] is more similar to /o/ than [3], [I], and [0]

are to each other or to the domain of any one phoneme.

It might be possible to analyse [3], [;], and [6] as one

single phoneme on the basis of their distribution, since [3]

occurs only after /1/, [;] only after /w/, and [0] only after

/u/. On a distributionalbasis they could be assigned as allo-

phones in complementary distribution. Such a phonemic analysis,

however, lacks phonetic basis and is close to becoming merely

a mentalistic game. After careful observation of the phonetic

phenomena, we analyse [3], [I], and [0] phonemically as /e/,

/e/, and /oh making the complex nuclei phonetically: /ie/

/we/ and /uo/.
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Chapter 4

COMPLEX NUCLEI IN VARIED ENVIRONMENTS

As presented in the previous chapter, the acoustic-

phonetic study of complex syllable nuclei led us to the anal-

ysis of the segments spelled "tien", "tubb", and "tu8n" as

/tien/, /twan/, and /tuon/.

The purpose of the present chapter is to test our anal-

ysis of [3], [4], and [0] as the three separate phonemes /e/,

/0/, and /o/ in more varied phonetic environments. Also, we

will try to answer the question of whether the second segments

of each of the following pairs are phonetically similr.r enough

to be considered the same:

Open syllables Closed syllables

"-ia"

-ubL"

-ua "-u8-"

As noted earlier, Thompson analysed the second segments

[3], [ ;], and [9] in op!n syllables as all being the same

phoneme /A/, and those in closed syllables as being three

separa*`: phonemes /et, 4/, and /o/. Other analysts have in-

terpreted the second segments of the pairs spelled "-la" and

"-ie-", "-uss." and "- u'o' - ", and "-ua" and "-u8-" as being
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phonemically the same. To arrive at a conclusive answer to

this problem, it is necessary to study phonetic differences

between the complex nuclei in open syllables and those in

closed syllables.

For this study, the recording material was arranged ac-

cording to syllable types and tones. Six tones, level /-4,

rising ///, broken / -' /, falling /\ /, curve /v/, and drop I-1/,

are contrastive in the Hanoi dialect of Vietnamese. A syllable

in Vietnamese can be open or closed. The final consonants

that occur following the three complex nuclei are summarized

as follows:

ptkmnowy
[i3] + + + + + + + -

[w;] + + + + + + + +

[120] + + + + + +

The distribution of final /y/ and /w/ with complex nuclei

is noteworthy. /y/ in Vietnamese follows only the central and

back vowels and does not occur after /i/, /e/, /e/, and [i3].

/w/ follows only the central and front vowels and does not

occur after /u/, /o/, /o/, and [IA]. This distributional char-

acteristic seems to suggest that [3] is structurally parallel

to the front vowel /e/, and [0] is structurally parallel to the

back vowel /o/. However, the phonemic status of /w/ and /y/ as

consonants needs further study to confirm this interpretation.

We, therefore, decided not to include /w/ and /y/ as consonants

in our spectrographic analyses. Our analysis included: 1) open
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syllable words grouped according to the six different tones and

2) closed syllable words with final consonants /ptkmng/,

also grouped according to the six tones.

Table 9 represents Fl and F2 measurements of the second

segment [3] of [13] in open syllable words as spoken by Inform-

ant 4. Figu...e 9 is the corresponding graphic representation.

The [x] represents the measurements of [3] with drop tone, ,

while the dot (.1 represents [3] with all other tones. The oc-

currences of phones having an Fl measurement between 550-600

cps are identified as being either those with drop tone k-,1

or with broken tone h./. In our previous study, it was ob-

served that drop tone consistently raised Fl measurements of

simple vowels 50-100 cps, making the phones with drop tone

appear much lower on the formant chart. In Figure 9, the same

effect is observed on the formant measurements of [3].

Table 10 summarizes the data obtained from the formant

measurements of [I] of [w ;] in open syllables spoken by Infor-

mant 4. When converting the figures into the graphic represen-

tation on the formant chart as shown in Figure 10, it became

apparent that on this vowel, also, the effect of the drop tone

is clearly observable. It is interesting to note that the

effect of d, op tone on the segments [3] and [;] is very much

like that observed on the simple vowels /e/ and /e/.

It was noted in our previous study that drop tone has

slightly lees effect on back vowels than on front and central

vowels. The extent of the drop tone effect on Fl measurements
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TABLE 9

Formant measurements of complex nuelei seement (51 Open syllabi, cycles/second

L-] with tom., [ -3

1 3

All tones

4

Informont

Segment

Word

4

[5] with tone [/3

1 2 4

Ser.: 71 1,2 Fl Fl F. P3 PI Fe F3 91 92 P3 P1 F2 F3 El P2 F3 P1 F3 F3 Fl Fe F:

ti."" 4.,0 ,1053 450 2000 450 2000 450 2050 t1 500 2000 500 185Q 450 1900 450 1950

LLTT 1110 1002 450 1900 450 1950 450 1950 m15 500 2000 450 1900 450 2050 450 2050

4,15 1;97 450 2150 450 2100 450 2000 015 500 1850 500 1950 450 2000 450 1950

J7 ,,,L) ;050 450 2000 450 2050 450 2050 x1,3 450 2050 450 2000 450 2000 450 2050

!.57 450 2050 450 2000 450 2050 450 1950

rc-.; 21 1900 450 1050 450 1900 450 1850

eTT 4,11 20,,1? 450 2000 450 2100 450 2050

r7 450 2020 450 2000 450 2000 450 2000

450 ,,001 450 1850 450 1950 450 1850

zr7 420 ::',C' 450 1850 450 1900 450 1550

017 450 .'S00 450 1900 450 1900 450 1900

'r,t HI with tone [ \] Segment [5] with tone [r.J]

2'e 3 4

Word
1 2 3 4WorJ 11 P3 P3 Fl Fd F3 P1 F2 F3 Fl F2 93 F1 P2 F3 P1 F2 P3 Fl Fe 93

tr'is5 450 :050 500 2000 450 2050 450 2100 cil 650 1950 550 1850 600 1650 600 1850

ei'5 450 :15C 500 2000 500 1950 450 2100 dl; 600 1850 550 1800 550 1800 800 1850

k15 500 2000 500 1900 500 1950 450 2000 nr5 650 1900 550 1800 550 1900 600 1650
bi'5 450 2000 450 1900 450 2000 450 2000 911 600 1800 5y0 1900 600 1850 600 1850
1015 450 1950 450 2000 450 1900 500 1850

115 450 2000 450 1950 450 2000 450 2000

9errlent [9] with tone [---3 Segment [5] with tone [.]

1 2 4 1, 2 4

Word P1 F2 F3 el P2 F3 P1 P2 F3 Fl F2 P3 Word Fl P2 F3 Fl F2 P3 Fl A F3 P1 F2 F3

1'5 450 7000 550 1900 500 2000 400 2050 SR 650 1650 650 1650 550 1750 550 1750

tl 500 2050 450 2050 400 2000 40,- 2000 df3 650 1700 550 1750 550 1700 600 1750

de; 500 1900 450 1950 500 1950 500 2000 lf? 650 1650 600 1600 600 1600 600 1b50

mil 550 2000 500 1950 500 2000 500 1950

Blank spaces indicate where precise seesureaents were not obtainable.
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TABLE 10

Formant measurements of complex nuclei segment (6) Open syllable cycles/second

Word

witn tone

1

[ -3

2

All tones

4

Informant

Segment

Word

4

Cl) with tone ('3

I 2 3

PI r,? lj P1 F2 F3 PI P2 F3 P1 Ft F3 P1 F2 Fj P1 P2 P3 P1 P3 Fl Fe F.5

:T. 550 1450 550 1400 550 140D 550 1450 Cul'i 550 1500 450 1500 450 1500 450 1533

Owi 550 1450 450 1450 450 1350 550 1350 /
kw; 600 1350 450 1350 500 1450 450 1450

cr,T 450 1500 500 1600 450 1650 500 1450 Id; 450 1400 450 1400 450 1350 450 1400

kw} 450 1400 450 1400 450 1400 500 1450 cdi 500 1450 500 1600 500 1450 500 1500

550 1350 450 1500 450 1500 500 1350
/

lw; 500 1500 500 1450 550 1400 500 1500

m171. '.13 1450 500 1450 450 1450 450 1450 m.',/; 500 1450 500 1450 500 1450 450 1400

450 1450 450 1450 450 1400 450 1400 rd; 550 1350 500 1450 500 1450 450 1450

500 1500 500 1500 450 1550 450 1500 adi 600 1400 500 1500 500 1500 500 1350

144 500 1450 500 1350 500 1350 500 1450

:..e7,,ent [6] with tone ['3
Segment [6] with tone [,]

1 2

P1 F2 F3

4

Word
1 a

4

P1 P3 P3 P1 F2 P3 P1 P2 F3 P1 P2 P3 P1 P3 P3 P1 F2 F3

Word

th:4

PI P2 F3

550 1353 500 1350 500 1350 500 1350 c 550 1500 550 1550 550 1500 550 1450

cW4 500 1450 450 1400 500 1300 500 1400 ba 600 1400 550 1450 550 1400 600 1.50

lowi 600 1350 500 1500 500 1550 450 1500 na 600 1450 550 1350 600 1350 550 1400

14 503 1450 550 1450 550 1400 550 1450

04 550 1450 500 1350 500 1350 550 1350

Segment [1] with tone [,--] Segment [i] with tone [.]

1 2 4 1 2 4

Word 'Ft F3 ri 1.2 F3 pr74--pr ri----rrri Word PI F2 P3 P1 P2 P3 P1 F3 F3 Fl P2 P3

cli 600 1400 550 1500 500 1450 500 1450 a 650 1300 700 1350 700 1350 700 1350

410 i 600 1350 550 1400 550 1350 550 1400 ta. 650 1300 650 1400 650 1400 650 1350

bZi 650 1350 550 1400 500 1450 550 1350 kw; TOO 1350 650 1350 650 1300 700 1400

mw i 550 1350 550 1350 550 1500 550 1400 b4; 700 1400 650 1400 650 1350 650 1350

rblit 600 1350 550 1450 500 1500 500 1500 144 700 1400 700 1350 650 1350 650 1350

01i 600 1400 500 1500 550 1400 550 1450 Ta 700 1350 650 1350 650 1350 650 1400

Blank spaces indicate where precise neasureaents were not obtainable.
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of back vowels is approximately 50 cps. Table 11 summarizes

the measurements of Fl and F2 of the segment [0] of [u0] in

open syllables. Figure 11 is the graphic representation of

the same measurements. The effect of drop tone on the segment

[0] is seen to be very similar to that observed on the simple

vowel /o/.

The domains occupied by [3], [I], and [0] in open syl-

lablas are placed together on one formant chart as shown in

Figure lla. This chart shows that the three sounds do occupy

three distinct areas even when the environments of the complex

nuclei are enlarged to include all six tones and various ini-

tial consonants. This result gives further support to our

analysis of [3], [1],and [0] as three separate phonemes rather

than one single phoneme.



TABLE 11

Formant measurements of complex nuclei segment [al Open syllable cycles/second

h,

...,r.

t.:T

(q1 with tone [..]

1 2

All tones

4

Tr;-

Irformant 4

Segment [0] with tone [/]

1 2 4

11 F. Fl rl P3 F3 FT .._ Word ri---rr---rr 1.1 2 rl... P1 Fi F3 P1 F. I.,i

,5", 1150 500 1150 500 1150. 500 1100
/
u0 600 1100 550 1100 500 1100 550 1000

t'77 r.,,0 1000 liso 1000 450 1030 450 750 t6 500 1150 ',00 1150 550 1100 500 1000

.) 510 1000 450 1050 450 1050 500 1000 cud 550 1150 00 1150 450 1100 500 1150

:,) ..1" 050 500 1050 450 1050 450 950 b,11 500 1050 45. 1050 450 1100 450 1000

!..) .,n, 1000 550 1100 550 1100 500 1000 16 uso 1100 500 450 1000 450 1000

450 910 450 1000 450 900 450 950 mae 450 1050 450 1000 1.50 1000 450 yoo

:1,,1 151 450 950 450 1000 450 1000

71 ,,n 1100 500 1000 550 1100 550 1100

f<17 ,01 :05n 560 1000 500 1050 453 1050

v 14., 1122 450 1100 450 1000 450 1000

:.7 4'.1 low 500 1050 500 1100 450 1100

z,4 4..0 1100 450 1050 450 1050 450 1050

xu) ..50 1000 500 1100 500 1050 500 1100

:.1! with tone C,1
Sem-ent (a] with tone (e.,1

4 1 2 4

Word 1

2

P3
3

Fl F2 P3 rl F2 F3 Word Fl F2 F3 F1 PZ P3 Fi F3 Vi 12 F3
rl r, Fl

,Y71 1150 550

P2

1050 550 1150 500 1100 due 550 1100 600 1050 600 110C 600 1150

th]) 0n 1151 600 1150 550 1100 600 1100 151 600 1:50 550 1150 500 1000 550 1150

.:U) 500 1100 550 1100 550 1200 500 1100 ral 550 1150 550 1100 550 1150 600 1150

h.]) ',50 1100 500 1100 500 1000 50) 1000

510 1100 450 1000 450 1000 500 1100

11'1.9 ,,50 1150 550 1100 550 1100 550 1100

r4;') 500 icno 500 1100 500 1000 500 1000

[0] with tone Sr--wn1 [9] with tone [-,]

1 2 4 1 2 4

Word T 1 F2 P3 rl P3 FT- 93 P3 Fl P2 P3 Wo'd PI P2 Fr PI P2 P3 P1 Pi P3 11 F2 F3

600 1050 600 1100 550 1050 600 1050 Ji. 650 1150 650 1150 650 1200 650 1200

Wil'a 550 1050 500 1050 550 1000 50: 1000 bus 650 1150 650 1150 650 1150 650 1200

sus 600 1150 550 1100 550 1050 550 1050 la' 700 1150 650 1150 600 1150 600 1150

550 1150 500 1100 550 1100 500 1000

Blank spaces indicate where precise measurements were not obtainable.
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FIGURE lla
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Different final consonants have varying effects on the

quality of the syllable nuclei. These differences are observ-

able in the frequency and shapes of formants. Spectrograms

16-19 illustrate the differences in formant shapes of [13] in

an open syllable, such as [ki3], and in closed syllables with

the final consonants [-n], [-m], and [ -0], as in [ki3n], [ki3m],

and [kr30]. As is easily seen on these spectrograms, the com-

plex nuclei [i3] in the open syllable has a steady state of

[i] and a steady state of [3]. When there is such a steady

state on the spectrogram of a vocalic quality, this point is

taken as the most reasonable place to measure the formant. In

the case of closed syllables, as seen on the spectrograms of

[ki3n], (ki3m], and [ki3o], the second segment [3] is usually

shorter than the first segment [i] and usually has no observ-

able steady state. In the case of continually changing formants

such as these, it is difficult to determine where the formant

measurements should be taken, because a small difference in

time may result in a large difference in Fl and F2 mesurements.

For this reason, we applied the use of an amplitude display

unit in determining the point where Fl and F2 measurements

should be taken. Table 12 shows Fl and F2 measurements taken

at intervals of two centiseconds along the relatively steady

states of the formants of [i] and of [3] in [ki3] and, also,

those measurements taken along the continually changing

formants of [i] and [3] of [ki3n], [ki3m], and [ki30].

Figure 12a shows a dia7rammed interpretation of the formant
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SPECTROGRAM NO. 16 SPECTROGRAM NO. 17
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TABLE 12

Formant measurements at intervals of 2 centiseconds

Complex

Word

nuclei [Ti] Informant 4

[ki3n]

cycles/second

[ki3] [ki3n] [ki3n]

csec. Fl F2 Fl F2 Fl F2 Fl F2

0 300 2250 300 2350 300 2200 300 X200

2 300 2250 300 2350 350 2200 ,Y 2200

4 300 2250 300 2350 350 2200 35u 2200

6 300 2250 300 2300 350 2150 350 2200

9 300 2250 350 2250 350 2100 350 2150

10 '300 2250 400 2100 350 2050 350 2150

12 300 2200 450 2050 400 1950 400 2000

14 300 2150 500 1950 500 1800 500 1950

16 350 2050 500 1900 500 1400 500 1750

18 450 2000 500 1850 550 1250 550 1550

20 450 2000 600 1500

22 450 2000

24 450 2000

26 450 2000

Blank spaces indicate where precise measurements were not obtainable.



measurements, with an x marking the point of the amplitude

peak of the segment [3]. Figure 12b shows how these measure-

ments would be interpreted on formant charts. Table 12 and

Figure 12a and 12b show the varying effects o: different

final consonants on the complex nuclei.

In a complex nucleus, there usually are two amplitude

peaks; whereas, in a simp:e vowel nucleus, there is only one

amplitude peal:. The two amplitude peaks of a complex nucleus

normally coincide in time with the mid-points of the first

and the second segments of the nucleus. The mid-point and

amplitude peak of the first segment clso coincide with the

steady state of that segment. This suggests that the point

where the second amplitude peak occurs is the target point or

near it, and therefore is the most logical place to measure

Fl and F2 of the second segment. Usinf, this reasoning, the

measurements presented in the following tables were obtained

at the point of the second amplitude peak.

Table 13 presents the Fl and F2 measurements of the

regment [3] of (i3] in closed syllables with /-m, -n, -0,

-p, -t, -k/ as the final consonants. All tones are represented

here in the utterances spoken by Informant 4. Figure 13 is

the graphic representation of the figures presented in Table

13. It may be noted that the domain of [3] is slightly larger

and more centralized in these examples than is the domain of

(3] in open syllables.
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FIGURE 12b

Formant movements in complex nucleus [13]

Informant 4
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Se,,ment W wiLn tone [ -]

1

or P1 F.! F3

'WO 1700

6h0 1500

17-1

*41)m

113n

nr.:m

415m

.1:1 1550

3Y1 1)00

1900

1950

550 1950

550 1850

1/2'; 2000

t1 i7q 55o 1600

el59

ki?U

9159

xii0

Segment [5]

Word

ti5m

thllm

1ilm

nilm

t7:0

thl)n

115n

ni".511

with tone

1

P1 P2 P3 Flr3
650 1500 65o 1500

600 1500 600 1500

600 1400 600 1500

650 1450 600 1500

TABLE 13

Formant measurements of complex nuclei segment [3] Closed syllable
All tones Informant 4

Segment [31 with
2 li 1

Fl Pd i,3 Fl Fil P3 P1 F2 P3 Word PI F2 F3

600 1500 600 1500 600 1500 trip 500 1700

600 1500 550 1500 550 1500 thip 500 1650

600 1500 550 1500 500 1550 dip 500 1700

600 1500 600 150o 600 150o kfip 500 1650

600 1600 550 1000 550 1600 AP 550 1750

550 1550 55n 1600 500 1650

600 1900

550 1900

500 1950

550 1900

500 1900

550 1950

450 2000

450 1950

550 1950

550 1650

550 1600

Goo 1600

55o 1750

500 1500

600 1900

550 1850

600 1850

600 1850

Segment [3] with tone pw]

1 2

17273 F

550 1500 600 145o

550 1550 550 1500

Word

llim

pfm

600 1850

550 1950

600 1850

600 1900

tr5n 550 1900

lfn 550 1950

Prin 550 1900

nrio 600,1600

Segment

Word

ism

thtim

sim

[3] with tone

1
Pi 112 F3

600 1500

650 1550_,

6004450

600 1500

550 1950.

.550 1900

550 1950

600 1750

2
P1 P2 F3

550 1550

600 1550

550 1450

550 1550

thrin 600 1900 550 1900

lir) 650 1700 600 1800

550 1950

550 1950

450 1950

500 1950

500 1900

600 1900

550 2000

450 1950

550 1900

500

550

550

550

450

1600

1700

1650

1750

1500

600

Eno

450

Goo

500

600

1150

450

550

1900

1850

1950

1850

1900

1850

1950

1950

1900

550 1600

550 1550

550 1700

550 1750

500 1550

3 4

FSF2 P3 Fl F2 F3

600 150o 600 1550

5501550 600 1600

600 1450 60o 1500

600 1500 60o 1500

600 1900

550 1900

600 1900

600 1850

600 1950

60o 1900

600 1900

600 1950

4

P1 r3 Fj el 02 F3

600 1400 600 1500

550 1550 550 1550

550 1950'

550 1950

550 2000

600 1750

1,1 04
?

550 1600

650 1500

550 1500

550 1500

600 1900

550 1800

500 2000

550 1900

550 1950

600 1800

4

P3 Fl F2 F3

550 1600

600 1500

550 1500

6001500

550 1950

600 1750

r3t

613t

thrit

br3t

niit

tiik

t 13k

013k

b13k

disk

p13k

fim*

try,.
krp,
biim

1f3m

fin

tiSn

t 13n

1r3n

efin

trio

b134

dfiq

mrio

500 2000

500 1900

550 1900

500 2000

500 2000

500 1700

500 1750

550 1650

550 1750

550 1700

55o 1800

450 1500

550 1500

500 1550

550 1500

500 1550

550

500

550

550

550

550

550

550

500

550

1900

1950

1900

1900

1950

1550

1600

1600

1600

1650

tone [

cycles /second

2

P2

550 1700

550 1650

500 1700

500 1700

500 1800

500

550

500

500

500

2000

1950

1950

1950

2000

500 1750

500 1750

550 1750

550 1750

500 1750

500 1800'

550 1600

550 1500

450 1550

550 1500

500 1550

550 1950

500 1950

550 1900

500 1850

550 1950

550 1600

550 1650

500 1700

450 1800

550 1700

Segment [5] with tone [ a

1
Word PI P2 P3 P1

t130 600 1650 600

dip. 550 1650 600

9I3p 600 1700 550

tit 550 1750

thr3t 550 1800

nijt "550 1850

.013t 550 1800

t33k 600 1700

%nk 600 1650

'tI3et

nnit

enn

650 1400

650 1450

650 1450_

t1341 , 600 1850

thi3n 600 1850

2

P2

1750

1550

1750

550 1850

550 1700

550 1900

550 1850

550 1700

600 1700

600 1450

600 1500

600 1500

600 1850

600 1800

Blank spaces indicate where precise messy eeeee ts were not obtainable. 700 1500 650 1500

3 4

P3 Fl F2 F3 P1 F7-71
500 1750 550 1700

500 1650 550 1700

500 1700 550 1700

500 1750

500 1750 500 1750

500 1950 500 1950

550 1950 550 1950

500 1850 500 1950

500 1950 500 1900

500 1950 550 1850

550 1750 5on 1800

500 1750 500 1750

500 1800 550 1700

550 1850 500 1800

500 1800 500 180n

500 1750 500 1750

550 1500 500 1600

550 1500 500 1500

450 1750 1150 1600

550 1500 550 1500

450 1600 550 1500

550 1950 550 2000

500 1900 550 1900

500 1900 550 1900

550 1900 550 1900

550 2000 550 1950

550 1600 550 1600

550 1750 550 1650

500 1700 550 1650

450 1800 450 1850

550 1700 500 1800

P1
3 4

P3 F2 P3 P1 F2 F3

600 1650 550 1650

550 1600 500 1700

550 1800 500 1750

550 1800 550 1800

500 1750 550 1800

550 1900 550 1900

550 1800 550 1800

600 1700 600 1700,,

550 1750 550 1700

600 1450 650 1450

600 1500 600 1500

600 1500 600 1500

600 1800 600 1800

600 1850 600 1850

700 1500 650 1500
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Table 14 presents the Fl and F2 measurements of the

segment [I] of [wI] in closed syllables with /-m, -n, -0, -p,

-t, -k/ as the final consonants. All tones are represented

in these utterances by Informant 4. Figure 14 is the cor-

responding graphic representation of the figures presented in

Table 14. It may be noted that the domain of [I] in these

examples of the nucleus in closed syllables is slightly larger

and extends further back than does the domain of [1] in open

syllables.

Table 15 presents the Fl and F2 measurements of [0] of

[ue] in closed syllables with the same final consonants, and

with all tones as spoken by Informant 4. Figure 15 is the cor-

responding graphic representation on the formant chart. It

may be noted that, here again, the domain of [0] covers a

slightly larger area and extends further back on the formant

chart.

Figure 15a is a composite chart showing all three nuclei

seiments [3], [I], and [0] in a variety of environment;:. Some

overlap of the three is seen in this presentation: but on care-

ful e;:amination, it is clear that this overlap is regularly

conditioned. Three different environments are included on this

:hart. The small dark areas indicate the domains of [3], [I],

and [0] in the restricted environment [t-11] with level tone.

The larger striped areas inalate the domains of [3], [I], and

[8] in open syllables with all six tones. The very large white

areas show the domains of [3], [I], and [0] in closed syllable

-70-



TABLE 14

Formant measurements of complex nuclei negment

All tonen

[;] with tone [..]

2 ,.

(;]

Informant

Segment

Word

Closed syllable

4

(1) with tone (/)

1

cycles/second

71--.73irr
Word Fl F2 F3 Fl F2 F3 Fl P3 F3 PI F2 F3 PI P2 F3 71---1-3---u- 4

t;1171 550 1150 500 1200 550 1200 550 1200 bi'aim 550 1100 550 1150 550 1150 550 1100

nam 550 1150 550 1200 550 1200 550 1150

gam 500 1150 500 1200 500 1200 500 1150 man 600 1550 600 1600 600 1500 550 1450

an 600 1400 COO 1400 60D 1400 600 1350 ban 550 1150 600 1200 600 1200 550 1150
Iwin 550 1450 500 1400 500 1500 550 1450 man 550 1150 600 1200 600 1200 550 1150

halo 550 1200 550 1100 550 1150 600 1200
twin 600 1200 600 1200 600 1200 550 1200

Alp 600 1150 600 1300 500 1200 600 1300nUIn 650 1200 650 1250 550 1250 650 1250
tap 600 1200 550 1250 55o 1200 boo 1150kwon 600 1150 600 1200 600 1200 600 1250
map 550 1200 550 1150 500 115o 550 1100ban 600 1250 500 1250 500 1250 500 1250

Kan 550 1200 500 1200 500 1250 500 1250
at 550 1500 600 1400 550 1400 550 13501:In 550 1200 500 1200 450 1300 500 1200
tat 60o 1450 550 1450 550 1450 550 1400man 650 1200 550 1200 500 1300 550 1300
1,51t 550 1450 550 1400 550 1450 550 1500nan 600 1200 600 1250 600 1250 600 1200
mat 600 1600 550 1550 550 1500 550 1550Raq 600 1200 600 1250 600 1200 550 1200

han 650 1150 550 1150 500 1150 550 1250
,Vik 550 1250 600 1300 550 125o 550 1150

tiak 600 1200 600 1250 600 1250 600 1300

kak 550 1250 600 1250 600 1300 550 1250

r.erpcnt. [;3 with tone ['.] oak 550 1250 500 1250 550 1250 550 1250

1 2 3 4
Word r1 FT F3 PI-62 -7r PT F2 F3 PI P2 F3

Segment [;] with tone [..---1c:tm 550 1100 550 1100 600 1150 600 1150
1 2

ku;m 550 1100 550 1150 5c0 1100 550 1150 Word PI P2 P3 P1 1,2 P3 Fl P3 F3 P1 F2 P3

n,:im 600 1200 60o 1150 600 1250 600 1250 :in 650 1500 600 1450 600 1450 600 1400

z,:1m 600 1150 550 1100 600 1250 550 1200

kan 650 1200 650 1200 600 1200 600 1200

et'Uln 600 1450 600 1400 55o 1350 600 1350 tin 650 1300 600 1250 650 1200 600 1200

vAn 600 1450 600 1450 600 1450 550 1450 pull 650 1200 606 1250 65o 1300 650 1300

swan 600 1400 550 1400 550 1450 600 1450 zwIn 650 1250 600 1250 600 1250 600 1200

t:;10 650 1250 650 1200 600 1250 600 1250 Segment (;] with tone (1]

c4n 600 1250 600 1250 60U 1250 600 1250 1 2 4

Word el F2 F3 el 12 69 Pr--74---FT- PI F2 F3k41 650 1200 600 1200 650 1250 650 1250
dam 650 1100 650 1150 653 1150 650 1200

dw;n 650 1200 600 1200 600 1200 600 1200
156 600 1150 650 1150 600 1150 600 1150lan 600 1250 650 1200 600 1200 600 1250

mw ;o 650 1200 600 1200 600 13.50 600 1250
1:X6 650 1400 650 1350 650 1400 650 1400

nww06 650 1200 650 1200 650 1200 650 1250
mWn 650 1450 650 1450 65o 1450 650 1500h4n 600 1250 550 1150 600 1150 650 1200
va"ri 650 1400 650 1500 650 1500 600 1500a

t:7, 700 1250 700 1250 650 1250 650 1200

Segment [;] with tone [,..,] Twin 650 1250 65o 1250 650 1200 650 1250

1 2 4
700 1250 700 1200 700 1300 700 1250Word P1 P2 P3 rr77---n PI Pi P3 P1 P2 P3 1.7'7

t.31 n 600 1200 550 1200 550 1150 550 1150 aa0 700 1250 700 1250 730 1250 700 1250

thZin 650 1250 600 1200 550 1150 550 1200
twat 600 1350 650 1350 600 1350 600 1350

en, 650 1200 600 1200 600 1250 600 1250
mwit 600 1500 650 1450 600 1450 600 1450

aZin 550 1150 500 1100 550 1150 500 1100
writ 600 1400 600 1500 600 1450 650 1500

hZin 600 1150 600 1150 600 1150 6n0 1200
zwIt 600 1350 550 1450 550 1500 550 1400

(15k 650 1250 1250 600 1250 600 1250

pwilc 650 1250 600 1200 550 1250 600 1200

Blank spaces indicate where precise measurements were not obtainable. na 700 1250 650 1250 650 1250 650 1200
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Sermoht
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trUL

tniTin

hudn
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beigm

tlien

c:**on

L'ign

guon

Segment

Word

thtgg

stg4

TABLE 15

Pormant measurements of complex nuclei segment [g] Closed syllable cyc2es/second

All tones

[g] with tone [ -] Segment

1 2 3 14

F'1 F2 F3 Fl F2 F3 P1 F2 P3 P1 F2 F3

450 850 450 1000 450 1000

400 1000 400 1000 450 1000

[3] with tone ['..]

450 1100 450 1150 450 1150

450 1100 450 1150 450 1000

450 1150 450 1100 450 1100

500 1150 450 1050 400 1000

450 1100 400 1050 500 1050

550 1000 500 1000 500 950

500 1000 500 1000 450 950

500 1100 450 3000 450 900

450 900 450 1000 450 1000

450 1000 450 1000 450 900

450 900 450 10110 450 1000

b] with tone

1 2 3 4

11 Ft !'3 P1 F F3 P2 P3 r1 F2 P3

500 2000 500 950 450 850

550 1200 550 1200 500 1150

500 1150 500 1150 550 1150

450 1100 500 1100 500 1100

500 1100 500 1100 550 1050

500 1000 500 950 500 950

500 1100 500 1050 500 1050

500 900 500 950 450 1000

500 1000 550 1050 500 1050

,4...:

1 2
Fl F2 33 PI P2 P3 P1 F. F3 VI Ft P3

500 950 450 .950 500 950

500 900 500 950 500 1000

Blank spaces indicate "where precise measurements were not obtainable.

Informant 4

[0] with tone [4.

1
Word F2 P3 4.1

nam 400

kali,

man

tiig

lariej

mar)

hag

Segment [0] with tone

1

Word Fl F2 F3 P1

loigm 550

mu0m 500

mu04 500

550

450

450

550

500

450

tligt 400

min 400

bidet 350

ndet 450

thigk 450

k 430

chfek 500

gigk 450

2 3 4

F2 1,3 Fl F2 F3 pi. F2 P3

750 350 850 350 800

1050

950

500 1100 500 1050

450 950 550 950

850 450 850 500 850

950 500 950 500 950

950 500 900 450 800

900 450 850 450 1000

1150 400 1100

1150 450 1100

1050 350 1000

1150. 400 1050

900

1150

BOO

950

350 850

400 1150

500 4400

450 1000

500 1100

450 1150

350 1050

350 1130

450 900

400 1100

450 900

450 1050

2

P2 F3 Fl F3 4F3 71 F..5

900 500 850 500 850

850 500 950 500 800

950 500 95n 500 150

Segment [o] with tone [I]

1 2 3
Word P1 F2 F3 ri-----72----Tr P1 FR F3 Fl 02 F3

ram 550 950 500 350 500 650

kan 550 1150 500 1150 550 1100

mran 500 1150 500 1100 550 1150

glin 500 1200 550 1200 500 1150

kag 550 950 550 900 . 550 1000

sag 550 950 500 900 550 7000

tat

cat

bat

ziTst

thok
tak
kok
box

1ok

450 1000

500 1150

450 1100

450 1150

500 950

500 1000

550 1100

500 950

500 1050

500 1100

500 1200

450 1100

500 1150

450 950

550 1050

500 1050

450 950

550 1000

450 1150

500 1200

450 1050

500 1100

500 1000

550 1050

500 1050

450 900

500 1000
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with /-m, -n, -g, -p, -t, -k/ as final consonants, with all

six tones.

As was demonstrated in the preceeding chapter and as

is seen here, the domains of the nuclei segments [3], [I],

and [0] are clearly separated in a restricted environment such

as [t-n] with level tone. the. the environment is expanded to

include all six tones, but restricted to open syllable types,

the domains of [3], (;), and [0) are still clearly distinct

from one another. When the environment is expanded to include

closed syllables and all tones, overlap of the three domains

does occur; but, this overlap is in a regular pattern, i.e.,

the domains move backward on the formant chart.

To check and augment our data, we examined and ana-

lysed the recorded material of Informant 3 according to the

same procedures used with that of Informant 4. Tables 16, 17,

and 18 are the measurements of Informant "'s (3], [I], and

[0], respectively, in open syllables, including all tones.

Figures 16, 17, and 18 are the corresponding graphic represen-

tations on formant charts.

Figure 18a presents the domains occupied by [3], [I],

and [0] in open syllables on one formant chart. Although

Informant 3's [I] and [0] show some marginal overlap, [3] its

clearly separated and in general, three domains can be

identified.
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TABLE 16

Formant

Segment CO with tone [-]

1

measurements of complex nuclei segment [3] Open syllable cycles/second

All tones Informant 3

Segment [3] with tone [..-]

2 4 1 2 3 4

Van, r1 F2 F3 Fl F2 F3 P1 Pi P3 P1 P2 P3 Word Pl F2 F3 P1 F2 F3 t1 F2 Fl P1 F2 -77-

750 1950

750 1850

700 1900

750 1950

4

;

t375- 750 1800 700

thf7 750 1750 700

c33 700 1750 650

kri; 700 1800 700

LIT 700 1850 700

lIT 700 1750 700

nI7 700 1900 650

p17 700 2000 550

.vrT 700 1950 700

zIT 550 2010 700

hi; 600 1800 550

Segment [5] with tone [..]

1

1750

1800

1800

1900

1900

1900

1900

2000

1950

1950

2000

2

700 1850

700 1700

700 1800

700 1900

650 1850

700 1900

650 1850

650 1900

650 1850

650 1950

553 2000

700 1700

650 1850

700 1800

650 1900

650 1850

700 1850

650 1850

550 2100

650 2050

550 2000

550 1900

4

tii 750 1950

mil 800 1950

f3; 750 1800

xi; 750 1850

Segment [5] with tone [].

1 2

750

750

750

750

1900

1850

1850

1950

3

Word Fl F2 P3 9'l F2 F3 81 83 P3 P1 P2 F3 Word P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 .P2 P3

ci....3 900

..
k13 800

b13 800

di:3 850

".
113 850

Segment [3] with tone [v]

1

1750

1900

1750

1800

1850

2

800 1800

800 1900

850 1750

BOO 1800

850 1750

750 1900

750 1850

750 1800

800 1800

800 1850

4

cri goo 1850

di; 85o 1900

nii 850 1900

Ori 850 1950

.Segment [5] with tone 1-1]

1 2

850

650

850

850

1950

1850

1850

1850

850 1900

BOO 1950

800 1850

850 1850

4
Word P1 P2 P3 P1 P2 F3 PI P2 73 P1 P2 P3 Word PI 82 P3 PI F2 83 Pi 73 F3 P1 82 83

Si 850 1700 850

te3 900 1700 900

dil 900 1650 900

mii 850 1650 850

1700

1700

1750

1700

850 1700

850 1800

850 1750

800 1750

800 1750

850 1800

800 1800

Boo 1800

bri, 850 1950 850 1900

di; 850 1900 850 1900

3.17 850 1850 Boo 1900

850

800

850

2000

1950

1850

35( 1900

800 1950

850 1950

Blank spaces indicate vbere premise measurements were not obtainable.
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TABLE 17

Formant measurements of complex nuclei segment [0) Open syllable cycles /second

re.:.,:

,r'.., ,

a'

t;',71.

cATT

dUTT

mAT;

s,74

r.Uf

Segment

Word

[I]

F1_

y)0

b.0

700

650

Y .0

1`.0

650

[n

wit.. tune [ -]

2 3

All ...onea

4

Informant 3

n ...Segment E with tone [1

1 2 3 4

PS1,', F3

1350

1370

1350

1300

1100

1300

1300

with tone

1

P1 P2 F3 P1 P2 1.3 P1 P2 F3 Word P1 P2 F3 P1 F2 P3 Fl F2 F3

050

600

700

050

',50

650

500

[.]

1300

1250

1350

1250

1250

1250

1300

2

600

600

650

600

E50

650

550

1250

1250

1350

125"

1250

1250

1300

3

600

600

650

650

650

650

650

1250

1200

1300

1350

1.250

1250

1250

4

cgi

kull

bug

da
...-

lei;

mg.;

ngi

ngi

.147.1

Segment [0]

650

750

700

650

650

750

:::

650

with tone [^.]

1

1300

1300

1400

1350

1350

1250

1300

1300

2

650

650

650

650

650

650

650

600

650

1300

1300

1350

1300

1250

1250

1400

1350

1300

1

600

600

500

600

600

1350

1450

1250

1450

11:;'00

4

P1 P2 F3 P1 F2 F3 PI P2 P3 P1 P2 P3 Word Fl F2 F. Fl ""F3 pl F2 F3 P1 P2 P3

c".4

bWI

1w;
.....

al7A1

Segment

Word

800

750

750

750

[0] with tone [v]

1

11400

1400

1450

1350

2

750

750

750

750

PT

1400

1350

1400

1350

3

750

750

750

750

1350

1350

1400

1400

4

co4

5 47F

nw;

Segment [0]

800

800

BOO

with tone [-1)

1

1500

1400

1450

2

600

850

BOO

1500

1450

1450

3

750

850

Boo

1500

1500

1450

5
PI F2 P3 P1 P2 F3 F2 F3 P1 P2 F3 Word P1 F2 F3 P1 r2 117 PI 172 F3 P1 P2 73

,....,

cw;

kwi
.../

bwI
N,

..,
mwI

niiii

gtisi

850

850

850

900

850

850

1350

1400

1450

1450

1500

1500

550 1400 000

000 1450 800

850 1400 550

900 1400 950

800 1500 800

850 1450 850

Bleat spaces indicate

1400

1450

1400

1400

1500

1500

where

.7,? 750 1350

t7,7 750 1400

AZ 750 1350

ba 750 1400

1Z 800 1400

qUaP 750 1350

precise measurements rare not obtainable.

7.50

750

750

750

800

750

1350

1350

1350

1350

1400

1300

750

750

750

750

750

750

1350

1350

1400

1350

1350

1350
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TA! .

Formant measurements of complex nuclei segment [0] Open syllable cycles/second

101 cith tone (-1

2

All tones

4

Informant

SeAment

Word

3

[e] with tone l,1

1 2 3

1:7-_VI F!' F-1 Fl i',! ri 31 7! Ff Fl F2 F3 ri--77,----n Cl F2 F3 pl Pe P3 PI 1-1:._

,h,Ti 741, 119 700 1200 750 1251. 700 1200 ii0 550 1050 600 '050 600 1100

t771- 7.'0 1290 700 1200 700 120) 700 1200 to 650 1000 600 1000 600 1007

5q 6',0 1250 700 1200 600 1200 600 1200 c5-0 600 1000 600 1200 600 1.!0.

,To 150 1050 750 1250 750 1250 700 1200 60-0 500 1000 610 950 OA 95L

rtiri no lona 600 1e00 600 12011 500 1200 1111 600 1u00 600 1200 550 111'

.410 105 500 1000 500 100'1 500 1100 mug 600 1000 600 956 600 11o.

73 ,00 1100 Con 1100 610 1207 100 1100

vPi 100 1150 700 1150 700 1150 700 1150

1170 600 1100 600 1200 500 1200

)0 1010 ,00 1101 600 1150 600 1150

EiT ,10 14100 011 120,7 600 1150 100 1200

Sement [0] with tone ['-.] Segment [0] with tone [-,]

1 3 4 1 2 3 4
Word 31 F2 F3 Fl 32 F3 Cl P2 P3 11 F2 PJ Word P1 F2 F3 P1 F2 F3 PI F2 F3 PI P2 F3

tig 650 1050 650 1100 651 1100 ail 700 1250 750 1200 750 1250 750 1250

cub 750 1200 650 1200 650 1200 10 750 1300 750 1200 750 1250 750 1250

bz1.0 650 1100 650 1100 650 1100 zir6 700 1200 750 1300 750 1250

dtig 650 1150 750 1200 650 1150

1Ci0 750 1200 700 1150 700 1200

mug 650 1100 600 1050 100 1150

Segment [0] with tone [v] Segment [0] with tone [,1

1 2 3 4 1 2 3 4

Word P1 F2 F3 F1 P2 Fl P1 F2 F3 P1 P2 1,3 Word Fl 02 F3 Fl F2 F3 Fl P2 F3 Fl F2 F3

ti-6 850 1200 800 1250 750 1150 800 1150 0 750 1200 750 1250 750 1150 750 1150

04 850 1210 750 1200 800 1150 bUR 750 1200 750 1150 700 1200 700 1150

z-_a 800 1200 850 1300 850 1250 la 750 1200 750 1250 750 1250 700 1200

Blank space indicate where precise cessurestents were not obtainab''



FIGURE 18

[e ] in open syllables
All tones Informant 3
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FIGURE 18a
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Tables 19, 20, and 21 are the measurements of the

three segments [3], [Z], and [0] of Informant 3 in closed syl-

lables with the final consonants f-m, -0, -p, -t, -k/, in-

cluding all six tones. Figures 19, 20, and 21 are the corre-

sponding charts.

Figure 21a is the composite chart showing all three

nuclei segments in the three environments examined: [t-n]

with level tone; open syllable with all tones; and closed syl-

lables with all tones. As with Informant 4, the overlap which

is apparent is regularly conditioned with the domains becoming

larger and movin7 further back on the formant chart.



TABLE 19

Formant measurements of complex nuclei segment [3] Closed syllable cycles /second

,.,,,nent 151 with tone (-1

2 3

All tones

4

Informant 3

Segment [3] with tone [ )

1 2

Word Pr F?2. 93 P1 P2 P3 P1 P2 P3 Fl P2 F3 Word P1 P2 P3 PI F2 F3

13m 550 1900 550 1850, 550 1900 rim 650 2100

LI7Tr; 550 1950 550 1950 550 1850 tfm 650 2100

,7n 550 1900 550 2150 550 2000 ki3m 600 1950

it 7m 550 1900 550 1850 550 2100

, 17::t 550 1950 550 1950 550 2050 1-3n 700 2150

4-1T71 . 550 1900 550 1850 550 1850 tfin 750 2200
_..._

550 2250 550 2150 550 2150 tfig 500 2050

ti-Tn 550 2050 550 1900 550 1950 blig 600 1950

kr,Tn 550 2200 550 2100 550 2150 dfin 500 1950

6711 550 2150. 550 2100 550 2100

i 'n 550 2150 550 2150 550 2150

mqn 550 2250 550 2150 550 2250
tip 650 1850

550 2150 500 2250 500 2150
650 2000

1.1";"n 550 2200

07,n 500 2250

500 2100

500 2100

500 2050

500 2100
fit 650

tiit 700 1950

500 1950 500 1950 500 1900
kilt 650 1950

ki3q 550 1900 550 1850 550 2000

9.17,9 550 1850 550 1900 550 1900
tiik 700 1750

plik 700 1850

diik 750 1850
tr?r, 800 1750 800 1750 800 1750

913o 800 1850 800 1850 800 1800

Segment [3] with tone [.-]
tY?t 750 1950 750 2000 750 1900

1 2

thr3t 800 1900 750 1900 750 2000 Word Fl P2 P3 P1 P2 P3

nT3t 750 1950 750 1950 750 2000 lilm 850 1850

nr3t 750 2050 800 2100 750 2000 n'ilm 800 1900

tr3k 750 1750 800 1750 900 1750 tri'n 850 2050

v13k 800 1750 Boo 1800 Boo 1750 iin 800 2100

piin 800 2100

Segment [3] with tone

1 2 4
ni3n 750 1900

Word PI F2 F3 Fl P2 P3 P1 Pi F3 Fl P2 P3

ti3m 800 1850 800 1800 800 1850

kim 800 1850 800 1850 750 1800

14n 800 1750 750 1800 800 1800
Segment [3] with tone [-1]

n1.0 800 1800 750 1750 750 1750
1 2

Word PI P2 P3 PI P2 P3

t5n 800 2000 800 1950 800 2000 ti3m 800 1800

,11."3n 800 2000 750 1950 750 1900 nli'm 800 1900

nh3n Boo 2150 800 2000 750 2100 n I-3m 750 1900

ti3n 800 1950
Segment 15] with tone [ '1)

thI341 '850 1950(
1 2 3 4

Word Fl F2 P3 Fl P2 F3 P1 ....P2 P3 P1 P2 173

Yim 850 1800 8001700 850 1800

01Y3m 850 1750 850 1700

::: ::::850 1700
1,1im' 600 1800

liiq 800:1850

3 4

Fl F2 F3 Fl Fr? P3

650 2050 650 2050

600 2000 600 2100

650 2050 600 2001

700 2100, 700 2100

750 2000 750 2150

500 2000 600 1950

600 1950 600 2150

500 1900 500 1950

600 1900 600 1800

650 1800 700 1900

650 2050 650 2200

65021950 650 1950

650 2000 650 2000

700 1750 650 1800

700 1800 650 1800

700 1750 650 1800

3 4

P1 P2 F3 P1 P2 F3

850 1800 800 1950

750 1750 750 1850

800 2050 800 2000

850 2000 800 2100

800 2100 750 2200

750 1900 750 1950

3 4

PI F2 F3 Fl P2 F3

800 1500 800 1900

800 1950 800 1900

800 1950 750 1950

800 1950 800 1900

850 1900' 850 1950

800 1900 800 1900

thn 850 1950, 750 1900 700 2000

\/
139 900'1800 850 1700 850 1650 'Blank apace. indicate vhere precise measurements were not obtainable.



[ 5 ]

FIGURE 1Q

in closed syllables

All tones Informant

1171121111TM 11.1111011

3

4

:

2 11111111111111

-86-

11

10

FORMANT
CHART

9 Calibrated In hundred,
of cycles por second.

6 centimeters .1 xtave
6m1111matera as I samItona

c



TABLE 20

Formant measurements of complex nuclei segment [X] Closed syllable cycles/second

All tones Informant 3

Se,Iment 1I1 with tone L-] Segment (;] with tone (..1]

wo1,1

twIm

n.471

,-.71fr:

74,1

1.4n

t.',X,J

elTq

1 2 3
Fl P2 F3 Fl F2 F3 Fl F2 F3

600 1200 600 1200.

550 1350 550 1350

600 1200 550 1250

500 1300 500 1400

500.1400 500 1450

550 1450 550 1400

550 1350 550 1350

4 1 2 3

P1 F2 F3 Word P1 F2 P3 Fl F2 F3 Fl F2 F3 Pi F2 P3

600 1200 buJIm .500 1250

550 1350

550 1250 mgin 500 1400

;5'

500 1400 bag 150 1200

550 1350 nglq 500 1250

..
hwP, 500 1300

550 1350

55o 1350 6w.o 700 1350

C.I.T4 55o 1400 55o 1400 550 1400 ''koa la 700 1350

dliq 550 1400 550 1350 500 1350

114.3 550 1350 500 1300 500 1300 at 650 1400

nu ;, 550 1400 550 1400 550 1350 tat 650 1350

hdif9 550 1350 550 1350, 550 1350 lgt 650 1400

Segment 11] with tone [ \]

1 2 3
Word PI F2 1'3 Fl F2 F3 Fl F2 F3

c, 4m 750 1350 750 1450

ku,Im 700 1350 700 1400

flan 800 1450 750 1350

zwim 700 1400 700 1350

cw;r1

vn
N
swan

tuaq

N
cui;o

N.
ltuP)

huo;0

Segment (;) with tone

Word P1

t w;')

\/
cw1.1)

hwIn

650 1500

750 1550

750 1550

700 1400

700 Illoo

650 1350

65o 1350

2

P2 F3 P1 P2

700. 1250

700 1250

800 1250

700 1500

750 1500

750 1550

650 1300

'650 1350

650 1350

700 1400

F3, PI Fi F3

700 1250

750 1250

750 1300.

Fl P2 F3

700 1400

750 1400

750 1350

750 1300

700 1550

750 1600

750 1550

650 1350

750 1300

750 1350

700 1350

aik

tu4k

thgik

Vu4k

buak

700 1300

650 1300

650 1300

650 1250

650 125Q

Segment [X] with tone [ ]

. 1 2
Word tl. F2 F3 P1 F2

an 700 1650

Lido 750 1350

ka9 750 1200

11740 750 1250

Segment [;] with tone [a

Word P1

dam

17gm

1 2

P2 F3 Fl F2

700 1450

750'1400

Ian 700 1350

min 800 1450

van 750 1400

tar)
4

Fl P2 F3 17pre

700 1200 ptr,A)

750 1250

750 1300 crit

m;it

eTit

zt

750 1350

700 1300

700 1400

800 1400

Too 1400

753 1350

750. 1400

700 1250

rak 700 1400

Blank spaces indicate vhere precise nn a oo resents were not obtainable.' fitWk 700 1200

500 1250 500 12'W

600 1500 600 1500

450 1200 450 120r,

500 1250 OA 1200

500 1300 500 1250

650 1350 650 1350

700 1400 650 1350

650 1450 650 1450

650 1300 650 1350

600 1500 GOO 1500

700 1300 700 1350

65, 1300 650 1300

650 1300 650 50

650 1250 650 1250

650 1250 650 1250

3 4

F3 Fl F2 F3 Fl F2 F3

700 1650 700 1600
.

750 1350 750 1300

750 1300 700 1250

750 1300 700 1350

3 4

F3 Fl F2 F3 Fl F2 F3

750 1400 750 1350

750 1400 750 1350

750 1400 800 1400

800 1450 800 1450

750 1350 750 1400

700 1350 750 1350

700 1300 700 1350

750 1350 .700 1400

750 1350 7001400.:

700 1450 700 1400

750 1350 750 1350

750 1400 750 1350

700 1200 700 1200

700 1400 700 1400

700 1200 650 1150
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TABLE 21

Formant measurements of complex nuclei segment

All tones

SFrment DJ with tone 1-3

2 3 4
lior: PT-

[a]

Informant

Segment

Word

Cloned syllable cycles/second

3

[3] with tone [']

1 2 3

Fl
4

Fe F3
F.15.---riZ Fl P2 P3 PIP7-73- h b F3 P1 F2 P3 P1 F2 P3 Fl F2 F3

- - -
--

clri 500 1100 ''' 500 105Q 500 1050

piiim 550 1050 500 1050 500 1050

Ail - 450 950 450 950 450 950

ktien 450 1250 450 1250 450 1250
LdIn 500 1300 500 1300 500 1250

t"irin 500 1300 500 1300 500 1300

mid n 500 1250 500 1200 450 1200

Willi 500 1300 500 1300 500 1300 aq 450 950 450 950 450 950
luqn 500 1300 500 1300 500 1300 c 61 g 1150 1000 450 1000 500 1000
mlin 500 1350 500 1350 500 1300 mii 450 950 450 950 450 1000

i3q 500 1050 500 1000 500 1000

criTN 500 1050 500 1000 500 1000

bU39 450 350 500 1000 500 1050

h694

tdet

cillt

450 950

600 1250

650 1300

450 ^50

600 1250

650 1250

450

600

600

950

1250

1200
1739 500 1000500 1050 500 1050 66 t 600 1250 600 1200 600 1250
1,173T4 500 1000500 1050 500 1000 diet 600 1250 550 1250 600 1250

thd9k 600 1000 650 950 700 1050

kuak 650 1050 650 1000 650 1000

ddik 650 1000 650 950 650 950

guak 700 1000 700 1050 650 1000

Segment [0] with tone N)

1 2 3
Segment [0] with tone E-3

Word P1 F2 P3 FI P2 F3 P1 P2 FT-- P1 P2 F3

Word
1 2 4

blism 600 1000 600 1000 550 1050 P1 P2 P3 P1 P2 P3 PI F3 F3 91 P2 fg
kigm 650 1200 650 1150 650 1200

tuan 600 1300 600 1300 600 1350 m5m 700.1200 700 1250 700 1250

cuan 650 1500 650 1350 650 1300
1

ltian 600 1350 650 1300 650 1350

tuO0 600 1000 650 950 650 1000

bLiSq 600 1000 650 1000 650 1050

rmeg 650 1000 650 1050 700 1100

11149 600 1000 650 1000 650 1050 Segment [0] with tone [n]

1 2 4

Word Fl 72-73 Fl P2 P3 Fl F3 F3 Fl Fd F3

cam 700 1250 750 1250 700 1200

ktWn 700 1350 700 1350 700 1350

mran 750 1350 750 1300 750 1300

egn 650.1300 700 1400 700 1400
Segment [0] with tone (V]

1 2 4
kIN0

21704

700 1100

700 1200 .

650.1150

700 1250

600

700

1100

1200

Word Fl F2 F3 Fl P2 P3 P1 F/ F3 P1 F2 F3

01\60 700 1100 700 1150 700 1100

.u9,) 700 1050 700 1050 650 1050

tat 700 1300 700 1300 700 1350

ciNt 700 1300 750 1350 750 1350

bUTt 600, 1250 700 1300 700 125n

cwt 650 1300 650 1250 600 1250.

th k 700 1000 650 1050 650 1100

cuBIC 700 1100 750 1150 650 1050

kUrk 650 1050 700 1100 700 1200

balk 700 1100 700 1100 650 1050

Blank spaces indicate where prcteise neliaiemente vere not obtainable. 157k 700 1100 650 1150 700 1150



FIGURE 21

[ 3 ] in closed syllables
All tones Informant 3

2

i:
fo

o. 0111

. _.0

1011111.111111111

-90-

J.

5

FORMANT
CHART

S Calibrated In hundreds
of cycles per second.

6 centimeters I octave

5millimsters i I semitone



FIGURE 21a
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CONCLUSIONS

After carefully considering all the data presented, we

came to several cvaclusions regarding Vietnamese complex nuclei.

1) In Chapter 3, it was established that the first

segments of the complex nuclei [I3],[wI],and [UO] could be

clearly assigned to the phonemes /i/,/w/,and /u/. It was then

demonstrated that the analysis of (3], (I], and [0] as the

three separate phonemes /e/, /a/, and /o/ was that most con-

sistent with the phonetic phenomena. Experiments with the

complex nuclei in more varied environments as delineated in

Chapter 4 support this analysis as a valid one.

2) With regard to the question of whether the difference

between the sequences spelled "-ia", "-uh", "-ua" in final

position and "-18-",'-ubL", "-u8-" in medial position are so

great that they should be considered as two different phonemes,

we can say that our preliminary phonetic transcription of [13],

(114], and (UO) for both sequences is supported. Although the

location of the domains are shifted slightly backward in

closed syllables, they maintain a relative distinctiveness,

and the differences among the domains in closed syllables are

comparable to those in open syllables. If [3], [I], and [el

are demonstrated as being three different vocalic qualities in

-92-



open syllables, they should be so analysed in closed syllables.

In closed syllables or open, spelled '-ia", "-uh", "-uar, or

'-ubL", "-u8-", our phonetic interpretation of these

complex nuclei as [1.3], [wI], [0] is adequately supported by

the acoustic data.

3) We also noted that tone and consonant influence on

the complex nuclei is very similar to that observed on the

simple vowels /et, /3/, and /o/. As 'las mentioned earlier,

there are also distributional characteristics associated with

/y/ and /w/ that make [3] similar to /e/, [8] similar to /o/,

and [I] different from /e/ and /o/ and more similar to /e /.

Therefore, it is our conclusion that the complex syllable

nuclei are best analysed with [3] as an allophone of /et, (I]

as an allophone of /a/, and [A] as an allophone of /o/, making

the complex nuclei phonemically /ie/, /wa/, and /uo/.



Unclassified
Security. Classification

DOCUMENT CONTROL DATA R&D
(Security cleaelfication of Rife. body of abstract and indexing annotation mull be entered when the enroll report la Oilooillott)

I. ORIGINATING ACTIVITY (Corporate author)

University of Southern California
Los Angeles, California 90007

ad,. REPORT SECURITY C i.aesiricATION

Unclassified
26 GROUP

-

3. REPORT TITLE

Studies in the Phonology of Asian Languages VI:
Complex Syllable Nuclei in Vietnamese

4. DESCRIPTIVE NOTES (Type of report and dente) k

Technical Report July 1967 January 1968
S. A UTNOR(S) Moot name, first name, initial)

Han, Mieko S. .

6 REPORT DATE

January 15, 1968
70. TOTAL NO. OF PAGES

.

fia. ORIGINATOR'S REPORT Numstpt(S)

No. 6

76. NO. OF REPS

4
Sa. CONTRACT OR GRANT NO.

NR 049-183
b. PROJECT NO.

Nonr 228(28)
C.

d.

IP b. stroM4101:ty PORT MO(S) (Any other numbers that may be assigned

None
10. AVAIL ABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11. SUPPL EMENTARY NOTES

None

12. SPONSORING MILITARY ACTIVITY

Information Systems Branch
Office of Naval Research
Washington 25, D.C.

13. ABSTRACT

A phonetic and phonemic analysis of the three complex
nuclei of Vietnamese (Hanoi dialect) spelled (1) ye-, -if-, -ia,
(2) -u'oL, -u'a, (3) -u6 -, -ua, vas carried out, using the sound
spectrograph. The relative domains of the target qualities of
the complex nuclei were established and then compared with those
of the eleven simple vowels. The first segments of the complex
nuclei were easily established as being the same as /i/, /w /,
and /u/. The second segments, which have been variously ana-
lysed, were found to occupy three distinct domains which led to
our analysis of them as phonemically /e/, /e/, and /o/. Further
analysis was done, varying the environment with regard to type
of syllable, tone, initial and final consonants. Regardless of
environment, a relative distinctiveness of domain seems to be
maintained and this, together with distributional characteristics,
supports Our final phonemic analysis of the complex nuclei as
lie/, /we/, and /uo/.

I I. Unclassified
Security Classification



Unclassified
Security Classification

14
KEY WORDS

LINK A LINK LINK C
ROLE WT ROLE WT ROLE WT

Acoustic Phonetics

Vietnamese

Syllable Nucleus

Sound Spectrograph

INSTRUCTIONS
1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of Die
fense activity or other organization (corporate author) issuing
the report.
2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
"Restricted Data" is included. Marking is to be in accord.
ance with appropriate security regulations.
2b. GROUP: Automatic downgrading is seecified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.
3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitis in parenthesis
immediately following the title.
4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.
5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Entei last name, first name, middle Initial.
If military, show rank end branch of service. The name of
the principal ..Lithor is an absolute minimum requirement.
6. REPORT DATE.. Erter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.
7a. TOTAL NUMBER OF PAGES: The total page count
should follow Donna' pagination procedures, i.e., enter the
number of pages containing information.
76. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.
8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written,
86, 8c, es 8d. PROJECT NUMBER Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.
9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial repcn number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.
9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this numbe,$).
10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) "Qualified requesters may obtain copies of this
report from DDC."

(2) "Foreign announcement and dissemination of this
report by DDC is not authorized."

(3) "U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

PI

(4) "U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

Pi

(5) "All distribution of this report is controlled. Qual-
ified DDC users shall request through

PO

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for oale to the public, indi-
cate this fact and enter the price, if known.
11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.
12. SPONSORING MILITARY ACTWITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.
13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of tee report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, ! continuation sheet shall
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (rs). CS), (C). or (U).

There is no limitation cn the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rules, and weights is optional.

GPO 886 -SST
Unclassified

Security Classification


